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EXECUTIVE SUMMARY 


Automotive technology continues to evolve at an especially rapid pace due to the 
continued technical improvements in electric vehicles. Globally, light-duty electric 
vehicle sales have grown over 60% per year since 2012, to over 2 million in 2018. 
Electric vehicles represent the most significant alternative powertrain since the dawn 
of combustion vehicles in the early 20th century. The annual growth in electric vehicle 
and electric heavy-duty vehicle sales has averaged 60% and 140% per year between 
2012 and 2018, respectively. Nearly all these electric vehicles are in China, Europe, 
and North America, where clean air and climate change are top priorities and where 
supporting policies are being continually implemented to accelerate the transition. 


This paper evaluates Canada’s position in the emerging global electric vehicle industry 
by analyzing sales and production trends for conventional and electric vehicles and 
comparing these trends to similar auto markets around the world. By examining 
Canada’s electric vehicle market and assembly developments, and comparing those 
with activities in other manufacturing countries, we identify underlying policies that 
Canada could use to ensure they remain an integral part of the rapidly evolving global 
automobile industry. 


Figure ES-1 shows light-duty vehicle production (x-axis) and electric vehicle production 
(y-axis) by country in 2018. Electric vehicle manufacturing in the countries above the 
dotted line is greater than 2.3% of their total vehicles produced; conversely, electric 
vehicles account for less than 2.3% of vehicle production for countries below this 

line. China leads with 4.2% of its 25 million vehicles produced being electric, and 
others like Germany and the United States are at the leading edge of the transition to 
electric vehicle manufacturing. Each of these three countries make more than 5 million 
vehicles per year, and electric vehicles accounted for 3% to 4% of their production in 
2018. At roughly 2 million vehicles manufactured per year, Canada is the 12th largest 
vehicle producer, but electric vehicle production, at 0.4%, is 80% lower than the global 
average. As shown, many other high vehicle-producing countries, such as South Korea, 
France, the United Kingdom, and smaller-producing countries like Slovakia, Austria, 
Sweden, and the Netherlands, have much larger shares of electric vehicle production 
than Canada. 
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Figure ES-1. Light-duty vehicle production, electric vehicle production, and electric vehicle share 
of production by manufacturing country in 2018 


Canada ranks 5th globally in commercial vehicle production at nearly 1.4 million 
vehicles produced in 2018, and it exports close to $3 billion in vehicles from the heavy- 
duty sector. As with sales for zero-emission commercial trucks and buses, China has 
dominated the global production of electric heavy-duty vehicles. Canada ranks sixth 
in the world in electric heavy-duty vehicle production, despite a relatively small share 
(0.1%). Canada’s overall heavy-duty vehicle manufacturing sector has shown robust 
growth since the early 2010s, with sharp increases in both exports and revenues. 


Based on the findings from this paper, Canada holds a prominent stake in the global 
automotive industry, but that position could be strengthened with stronger action 
to support the transition to electric vehicles. The analysis reveals the following 
conclusions and policy recommendations: 


Canada’s auto industry lags behind other auto-manufacturing countries in its 
preparation for an electrified transportation future. Canada is committed to 
electrifying its on-road vehicles as part of the country’s overall decarbonization 
strategy. However, particularly in the light-duty vehicle sector, stronger policies in 
other countries are driving electrification and attracting electric vehicle investments. 
Chrysler, Ford, General Motors, Honda, and Toyota production facilities in Ontario are 
dominated by internal combustion vehicles, while these same companies are making 
billion-dollar investments to produce electric vehicles in China, Europe, and the United 
States. Ontario has historically been the center of Canadian light-duty auto production 
but currently has only one low-volume plug-in hybrid vehicle production plant, making 
Canada’s light-duty vehicle manufacturing industry quite vulnerable in a global market 
that is trending toward electrification. If Canada does not find a way to rapidly develop 
raw materials and a supply base to rapidly accelerate electric vehicle production, it is 
at risk of losing a major pillar of its economy. 


Targeted policy support for electrification can future-proof Canada’s auto industry. 
The predominant action Canada can take to spur electric vehicle manufacturing is to 
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grow its domestic electric vehicle sales market. Globally, 80% of electric vehicles are 
manufactured in the region they are sold. There are many examples of automakers 
investing in electric vehicle production facilities near cities and regions with growing 
market demand. Sustained world-class regulatory, incentive, infrastructure, and 
consumer awareness policies would improve Canada’s attractiveness for increased 
electric vehicle sales and investments. Beyond market-demand policies to ensure 
affordable models and convenient charging, supply-side policies like research and 
development funding, loan guarantees, and tax breaks for manufacturing plants 

are warranted to position Canada’s auto industry for the future. Moreover, domestic 
manufacturing requirements for the procurement of public transit vehicles, which 
currently exists in Ontario and Quebec, can serve to increase production of electric 
buses in Canada. While the transition to electrification in trucking is in the early stages, 
several Canadian-based companies and manufacturing facilities have emerged in 
recent years, and several zero-emission vehicle models and key components are being 
produced domestically. A comprehensive suite of policies would encourage further 
investment in developing electric vehicle supply chains in Canada. In addition to 
policies to support industry, there is an increasing need for policymakers to provide 
targeted support for the workers and communities that depend on the auto sector. 


Canada can build on its early leadership in developing and producing hydrogen fuel 
cell technology—especially for heavy-duty vehicles. While battery electric technology 
has dominated the light-duty zero-emission vehicle market to date, hydrogen fuel 

cell vehicles are expected to play a larger role in the electrification of the commercial 
vehicle sector. Fuel cell vehicles’ longer-range and quick-fueling capabilities are 
especially attractive in heavier vehicles such as tractor-trailers, where battery electric 
technology may not be practical or cost-effective. We identify three key reasons why 
hydrogen and fuel cell technology are strategically important to Canada’s competitive 
position in the global transition to electric drive. First, the Canadian hydrogen and 

fuel cell sector is recognized for pioneering new technologies and industry expertise. 
Second, some regions in Canada have a significant excess of renewably sourced 
electricity, primarily hydro-electric power, that can be used to produce low-cost, 
low-carbon hydrogen for powering fuel cell vehicles. Finally, hydrogen fuel cell vehicles 
are likely to play a critical role in Canada’s on-road freight sector, since fuel cells have 

a lower weight penalty and improved cold temperature performance compared to 
battery electric trucks. 
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INTRODUCTION 


Automotive technology continues to evolve, now at an especially rapid pace due 

to the continued technical improvements in electric vehicles. Figure 1 shows global 
electric vehicle growth, from just thousands of sales in 2010 to over 2 million in 2018 
(EV-Volumes, 2019). Nearly all of these electric vehicles were sold in China, Europe, and 
North America. At least 13 automakers have announced plans and made billion-dollar 
investments for a zero-emission future. For heavy-duty vehicles (HDVs), annual electric 
vehicle sales have been lower but have seen enormous growth, from 2,300 in 2012 to 

a peak of over 200,000 in 2016. Sales have since declined, to 121,600 in 2018. Sales 

of electric HDVs have been almost exclusively in China, which represented 98% of the 
global market in 2018 (EV-Volumes, 2019). 
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Figure 1. Global light-duty electric vehicle sales and new vehicle share 


Although electric vehicles represent just over 2% of new automobiles globally, there 
are now more than 5 million electric vehicles and significant investments continue to 
be made. Several automakers have signaled their intention to pursue an all-electric or 
zero-emission future (Lutsey, 2018a). Governments and automaker announcements 
alike indicate electric vehicle sales will increase to 10 million to 15 million per year 

by 2025 (Lutsey, 2018b). Automaker research and development, production plant 
upgrades, and supply chain investments continue to move toward electric vehicles. 
Automaker investments to electrify tally to $300 billion from 2019 to 2028 (Lienert, 
Shirouzu, & Taylor, 2019; Lutsey, Grant, Wappelhorst, & Zhou, 2018). About 80% of this 
investment is projected to occur in China, Germany, and the United States (Lienert & 
Chan, 2019). 


Developments in electric buses and trucks indicate that the HDV market will continue 
to grow (Moultak, Lutsey, & Hall, 2017). The global heavy-duty electric vehicle market 
is highly concentrated in China, which accounted for 98% of sales in 2018. Chinese- 
headquartered original equipment manufacturers (OEMs), meanwhile, accounted 

for 82% of sales (EV-Volumes, 2019). Canada made up 0.03% of global sales in 2018, 
ranking 21st, while Canadian-headquartered OEMs accounted for 0.1%, ranking sixth 
(EV-Volumes, 2019). 


In Canada, the transportation sector represents a quarter of the country’s greenhouse 
gas emissions (Environment and Climate Change Canada, 2017). To meet climate 
goals, policymakers in British Columbia, Quebec, and the federal government have 
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signaled the need to transition to all zero-emission vehicles in the 2040-2050 time 
frame (British Columbia Ministry of Energy, Mines and Petroleum Resources, 2019; 

Department of Finance Canada, 2019; International Zero-Emission Vehicle Alliance, 
2019). Beyond the environmental goals, Canada is a top vehicle-producing country, 
making the transition to electric vehicles also consequential for industry. 


Where Canada’s auto manufacturing industry fits in the transition to electric vehicles is 
a top question for industry and policy leaders. This paper evaluates Canada’s position 
in global electric vehicle sales and manufacturing. We analyze the sales and production 
trends for conventional and electric vehicles and compare these trends with similar 
automobile-producing markets around the world. By examining Canada’s electric 
vehicle market and assembly developments, and comparing those with activities in 
other manufacturing countries, we identify underlying policies that Canada could use 
to ensure the country remains an integral part of the global automobile industry. 
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ASSESSMENT OF CANADA'S POSITION: 
LIGHT+DUTY VerICLes 


This section assesses Canada’s light-duty automobile industry in 2018 according 

to a variety of market and production metrics for overall and electric vehicle sales 
and production, and examines where Canada ranks compared with other nations. 
The analysis builds upon previous studies (Lutsey et al., 2018), but updates the data 
through 2018 and focuses specifically on the Canadian market. The analysis relies on 
global electric vehicle data from EV-Volumes (2019), overall global vehicle sales and 
production data from the International Organization of Motor Vehicle Manufacturers 
(OICA, 2019a, 2019b), and vehicle import and export data from several sources 
(International Trade Administration, 2019a, 2019b; International Trade Centre, 2019). 


VEHICLE SALES AND PRODUCTION 


Several light-duty vehicle production metrics indicate that Canada’s automotive 
industry is among the largest globally. In 2018, Canada produced 2 million passenger 
cars and light commercial vans, out of global production of about 91 million vehicles. 
Canada’s light-duty vehicle production declined from 2.4 million, or 3.1% of global 
production and ninth place globally in 2014, to 2.2% of production and 12th place 

in 2018—a 29% reduction in the global share. Other countries with similar annual 
vehicle production include Brazil, France, Mexico, South Korea, Spain, and the United 
Kingdom, with each country producing between 1.6 million and 4 million vehicles 
COICA, 2019a). 


Canada also holds a prominent position in global vehicle trade. Canada’s car and truck 
exports, with a value of $45 billion, rank the country fifth globally, behind Germany, 
Japan, Mexico, and the United States (International Trade Centre, 2019). Countries 
with similar export levels to Canada include Belgium, France, South Korea, Spain, and 
the United Kingdom, each with $34 billion to $44 billion in vehicle exports. Canada 
also ranks 12th globally in automotive parts exports, with $11 billion in 2018. Over 

80% of Canada’s vehicle production is exported to the United States, and over 40% 

of Canada’s vehicle sales are imported from the United States (International Trade 
Administration, 2019b; International Trade Centre, 2019). 


Canada’s light-duty vehicle sales market is similar in scale to its production, at 2 
million vehicles sold per year. National vehicle markets with similar size to Canada 
include Brazil, France, Russia, South Korea, and the United Kingdom at 1.6 million to 
2.4 million annual sales COICA, 2019b). These statistics help place issues surrounding 
electric vehicle deployment in a broader industry context. Canada clearly represents 

a very large market and a very large production region for vehicles. But Canada is 

also competing with many markets for imports and exports, and with large vehicle- 
manufacturing markets where new vehicle models are being developed and produced. 


ELECTRIC VEHICLE PRODUCTION AND SALES 


The growth in the electric vehicle market in Canada has been steady and increasing. 
Canada’s 2018 electric vehicle sales reached 43,000, making it the eighth largest 
national electric market. Electric markets of similar size include France, Japan, South 
Korea, and Sweden (from 29,000 to 53,000). Figure 2 shows global light-duty electric 
vehicle sales growth, including the 10 largest 2018 markets representing 89% of 

sales. Although Canada makes up only 2% of global electric sales, its average annual 
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2012-2018 growth rate of 70% was greater than the United States (35%) and global 
electric sales (60%). 
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Figure 2. Global light-duty electric vehicle sales from 2010 to 2018, including breakdown of 10 
highest-selling markets in 2018. Source: EV-Volumes, 2019 


In terms of shares of new vehicles, electric vehicles represent 2.3% of global vehicle 
sales in 2018. Eleven countries surpassed the global average of 2.3% market share: 
Norway (49%), Finland (45%), Iceland (19%), Sweden (8%), Netherlands (6%), China 
(4%), Portugal (4%), Switzerland (3%), Austria (2.6%), the United Kingdom (2.5%), and 
Belgium (2.5%). Canada’s market has grown from essentially 0% in 2010 to 2.2% in 
2018, which is very similar to the share in the United States (2.1%) and globally (2.3%). 


Global light-duty electric vehicle production is more concentrated. Approximately 99% 
of 2018 electric vehicle manufacturing is within 10 countries: China (52%), the United 
States (17%), Germany (10%), Japan (9%), South Korea (4%), France (3%), United 
Kingdom (2%), Sweden (1%), Netherlands (1%), and Slovakia (1%). Canada ranks 12th 

in electric vehicle production. With approximately 9,000 electric vehicles made in 
Canada, the Chrysler Pacifica plug-in hybrid, the only Canada-made light-duty vehicle 
model, represents about 0.4% of Canada’s production. High-production markets 
produce many different electric models. For example, in the United States electric 
production includes models by Tesla (Model 3, Model S, Model X), Chevrolet (Bolt, 
Volt), Nissan (Leaf), BMW (X5 40e), and Ford (C-Max, Focus). 


Figure 3 shows light-duty vehicle production versus electric vehicle production 

by manufacturing country in 2018. The plot is shown in log scale due to the large 
differences in the auto production across the markets, with China having over 25 million 
vehicles produced and 1.1 million electric vehicles. Countries above the dotted line have 
electric vehicle production that is greater than the global average. Countries above the 
global average include Sweden (12% of vehicles assembled), Netherlands (8.5%), China 
(4.2%), Germany (4%), United Kingdom (3.2%), United States (3.1%), and France (2.6%). 
Canada has a 0.4% electric share (9,000 electric out of 2 million vehicles) and is 80% 
lower than the global light-duty electric vehicle production average. 
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Figure 3. Light-duty vehicle production, electric vehicle production, and electric vehicle share of 
production by manufacturing country in 2018. Source: EV-Volumes, 2019; Lutsey et al., 2018. 


As indicated in Figure 3, there are many high-vehicle-producing countries that have 
begun to transition to higher electric vehicle production than Canada. Greater electric 
vehicle production rates, typically from multiple electric models assembled there, are 
seen in several countries: South Korea (e.g., Hyundai lonig, Kona, Sonata; Kia Niro, 
Optima), France (Renault Zoe, Kangoo; Smart fortwo), and United Kingdom (Nissan 
Leaf; Geely LEVC black cab; Range Rover). There is also electric vehicle production 

in smaller markets like Slovakia (Smart forfour, Porsche Cayenne), Austria (Jaguar 
i-Pace), and much smaller markets such as Sweden (Volvo v60, XC60), the Netherlands 
(Mini Countryman), and Belgium (which started Audi e-tron at the end of 2018). Not 
shown in the figure due to having no significant electric production are several major 
manufacturing nations; Brazil, lran, Russia, and Thailand are the largest with 1.5 million 
to 2.7 million vehicles produced in 2018. 


Most manufacturers predominantly sell their electric vehicles within the region where 
they are made, as illustrated in Figure 4. Globally, 80% of electric vehicles produced 
were sold within their home region: Nearly 100% of China-made electric vehicles are 
sold there; 81% of Europe-made electric vehicles are sold there; and 74% of U.S. electric 
vehicles are sold there. In addition to creating large electric markets in their home 
region, European and U.S. electric vehicles are also exported widely to many markets. 
Japan, South Korea, and Canada are somewhat different cases in that they export most 
vehicle production to the larger China, Europe, and U.S. markets and elsewhere. 
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Figure 4. Cumulative 2010-2018 light-duty electric vehicle volume according to production and 
sales regions. Based on EV-Volumes, 2019; Lutsey et al., 2018. 


Table 1 provides more detailed information on the top 15 electric vehicle models sold in 
2018 in Canada and the United States, representing 90% of each country’s electric vehicle 
market. The highest volume electric vehicle models in Canada were the Tesla Model 3 
(6,300 sales, or 15% of Canada’s electric market) and the Nissan Leaf. The U.S. list is similar 
but was far more dominated by the Tesla Model 3 (139,000 sales, or 39% of the U.S. 
electric market). The Mitsubishi Outlander and Hyundai loniq PHEVs sold more in absolute 
terms in Canada, despite Canada’s market being just 12% the size of the U.S. market. About 
97% of Canada’s 43,000 2018 electric vehicle sales were imports, and 57% were from the 
United States. Of U.S. electric vehicle sales, 71% were made in the United States. 


Table 1. Fifteen highest-selling electric vehicle models in Canada and the United States in 2018 


Tesla Model 3 6,300 Tesla Model 3 139,700 
2 Nissan Leaf 5 7A0K0) | US, 2 Toyota Prius Prime* 27,600 Japan 
3 Mitsubishi Outlander* 5,300 Japan 3 Tesla Model X 2A OOM AWS: 
4 Chevrolet Volt* 4,300 US. 4 Tesla Model S 24,500 U.S. 
5 Toyota Prius Prime* 3,500 Japan 5 Chevrolet Volt* 18,300 US. 
6 Chevrolet Bolt PAOLO) | LS. 6 Honda Clarity PHEV* 18,200 Japan 
7 Ford Fusion Energi* 1900 Mexico 7 Chevrolet Bolt 18,000 US. 
8 Tesla Model X NG OOM RUS: 8 Nissan Leaf 14/OOM RUES: 
9 Chrysler Pacifica* 1400 Canada 9 Ford Fusion Energi* 8,100 Mexico 
10 Hyundai loniq PHEV* 1,400 _ S. Korea 10 Chrysler Pacifica* 7,100 Canada 
11 Volkswagen e-Golf 1200 Germany 11 BMW i3* 6,100 Germany 
12 Tesla Model S OOM RUES: 12 BMW X5* 4400 US. 
13 Kia Soul 1100 = S. Korea 13 BMW 530e* 4,300 Germany 
14 Honda Clarity PHEV* 800 Japan 14 Mitsubishi Outlander* 4,200 Japan 
15 Hyundai loniq BEV 500 S. Korea 15 Kia Niro* 3,400 _ S. Korea 


Based on EV-Volumes, 2019. Values rounded to the nearest hundred; colors distinguish assembly location 
* denotes plug-in hybrid (except some fraction of BMW i3 models are all electric) 
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The left side of Figure 5 shows the breakdown of electric vehicle sales in Canada by 
manufacturer. Through the second quarter of 2019, Tesla, General Motors, and Nissan 
are the leading electric vehicle automakers, with roughly 30,000, 26,000, and 22,000 
cumulative electric vehicles sold, respectively. In 2018, these three manufacturers 
represented nearly two-thirds of Canada’s electric vehicle sales, with Ford, 
Volkswagen, and other companies making up the remaining one-third of the market. 
In the first six months of 2019, Tesla’s market share grew to 40%, followed by Nissan at 
15%, General Motors at 12%, and Toyota at 8%. 


The share of electric vehicles in Canada’s light-duty vehicle market has grown from 
0.3% in 2014 to nearly 3% in 2019, as shown on the right side of Figure 5. Plug-in hybrid 
and fully electric (i.e., battery electric or hydrogen fuel cell) vehicle sales are depicted 
in blue and orange, respectively. While plug-in hybrids made up about half of the 
electric vehicle market in 2016, 2017, and 2018, their share has decreased to just under 
40% thus far in 2019. 
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Figure 5. Electric vehicle sales by manufacturer and their share of the overall light-duty vehicle 
market in Canada 


SUMMARY OF THE LIGHT-DUTY VEHICLE INDUSTRY AND MARKET 


Table 2 summarizes the relative positions of each country in 2018 according to vehicle 
production and sales. China, Germany, Japan, and the United States are among the 
leaders in most categories. China leads in vehicle volume, electric vehicle production, 
and sales but has not become a leading exporter. Canada’s position according to each 
metric in Table 2 is highlighted in red. Canada accounts for 2.2% of global light-duty 
vehicles made, but only 0.4% of global electric vehicles made, showing how it lags 
behind the global industry development trend. The United Kingdom, France, and 
South Korea have a share of electric production that is proportional to their vehicle 
production. Smaller auto-producing countries like Sweden, Netherlands, and Slovakia 
are producing electric vehicles well above their global vehicle production levels. 
Canada’s electric vehicle sales at 2.2% are keeping pace with the global trend. 
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Table 2. Top 15 countries by vehicle production, export, market, and electric vehicle metrics 


Industry metrics Market metrics 


Automotive parts Electric vehicle Vehicle sales, Electric vehicle 
export value, 2018 | production, 2018 2018 sales, 2018 


Vehicle Vehicle export 
production, 2018 value, 2018 
? Germany ($167 F : China 
1 China (25.5 m) b) Germany ($67 b) China (1,078,000) China (24.7 m) (1104,000) 
2 U.S. (11 m) Japan ($108 b) U.S. ($46 b) U.S. (335,000) U.S. (17.3 m) U.S. (358,000) 
x Germany Norway 
3 Japan (9.2 m) Mexico ($74 b) Japan ($36 b) (205,000) Japan (4.4 m) (73,000) 
4 Germany (5.1m) U.S. ($67 b) China ($35 b) Japan (181,000) — Germany (3.4 m) eed 
India (4.7 m) Canada ($45 b) Mexico ($30 b) S. Korea (84,000) India (3.4 m) U.K. (60,000) 
6 S. Korea (4 m) U.K. ($44 b) S. Korea ($20 b) France (59,000) U.K. (2.4 m) Japan (53,000) 
, : France 
7 Mexico (3.9 m) Spain ($42 b) France ($16 b) U.K. (50,000) France (2.2 m) (46,000) 
: s Canada 
8 Spain (2.8 m) S. Korea ($40 b) Czech Rep. ($15 b) Sweden (28,000) Brazil (2.1 m) (43,000) 
: : S. Korea 
9 Brazil (2.7 m) Belgium ($38 b) Italy ($15 b) Nether. (13,000) Canada (2 m) 
(32,000) 
P ; Sweden 
10 France (2.3 m) France ($34 b) Poland ($14 b) Slovakia (13,000) Russia (1.8 m) (29,000) 
: : ? Nether. 
11 Thailand (2.2 m) Italy ($23 b) Spain ($12 b) Mexico (12,000) S. Korea (1.6 m) 
(27,000) 
: ° Belgium 
12 Canada (2 m) Slovakia ($22 b) Canada ($11 b) Canada (9,000) Spain (1.3 m) (13,000) 
13 Russia (1.7 m) Thailand ($19 b) Thailand ($9 b) Spain (8,000) Mexico (1.2 m) Spain (12,000) 
14 U.K. (1.6 m) Turkey ($186)  Romania($8b) Austria (7,000) _— Australia (0.9 m) oe 
15 Iran (1.5 m) Sweden ($14 b) U.K. ($7 b) India (1,000) Indonesia (0.9 m) Austria (9,000) 
Global 91.6 million $1,730 billion $412 billion 2,090,000 91.6 million 2,090,000 
Canada share 2.2% 2.6% 2.8% 0.4% 2.2% 2.0% 


Notes: due to rounding of the values in the table, the values in the last row are correct to within roughly 0.1 percentage points. Source: International 
Trade Center, 2019; EV-Volumes, 2019; OICA, 2019a, 2019b 


At this stage in the development of electric vehicles, nearly every automaker in the 
world has committed to multibillion-dollar investments to develop a spectrum of 
new electric models. Investments in research and development, vehicle and battery 
manufacturing plants, and supply chain facilities have been concentrated in the 
leading electric vehicle markets: China, Europe, the United States, Japan, and South 
Korea. Figure 6 illustrates the flow of these initial electric vehicle investments. The 
numerical label is the investment amount in billion U.S. dollars. Unsurprisingly, given 


the sheer size of its vehicle market, China has been the leading country for investment, 


accounting for 45% of the global total to date. European-based manufacturers have 
split their investments between Europe ($84 billion) and China ($69 billion), whereas 
virtually all of the $57 billion in investments from China’s automakers have stayed 
there. Vehicle manufacturers based in the United States, Japan, and South Korea 
have primarily made investments in their home markets. Outside of China, Europe, 
the United States, Japan, and South Korea, investments in other countries—including 
Canada—have totaled $7 billion, or 2% of the global total. 


8 ICCT WHITE PAPER 


| POW 


ER PLAY: CANADA’S ROLE IN THE ELECTRIC V 


EHICLE TRANSITION 


Rest of world 


South Korea 20 ) 


» 
Cc 
E 
+ Japan 19) 
o 
z 
“= United States The numerical label and 
fo} i 
c corresponding bubble area 
xe) is the investment amount in 
4 Europe billion U.S. dollars. 
o~ 
China 


China Europe United Japan South Rest 
States Korea of world 


Automaker origin 


Figure 6. Electric vehicle investment by automaker origin and destination. Source: Adapted from 
Lienert and Chan, 2019. 


BATTERY-ELECTRIC VEHICLE INDUSTRY DEVELOPMENTS 


Within the vehicle-level industry developments assessed above, there are relevant 
supply-chain trends related to raw materials for electric vehicle battery production. 
For fully battery-electric vehicles, a battery and electric drivetrain displaces the 
combustion powertrain and aftertreatment system. For plug-in hybrids, a smaller 
battery pack supplements the combustion powertrain with a more complex drivetrain 
to use both power sources. For either technology, the changes to the powertrain are 
dramatic. These changes are evaluated below in the context of overall manufactured 
vehicle value and relevant suppliers. 


Figure 7 shows the breakdown of manufactured vehicle production costs by major 
component areas for a representative crossover sport utility vehicle, based on 
Lutsey and Nicholas (2019). The battery pack of the electric vehicle represents a 
substantial portion of the per-vehicle cost. In 2018, the battery pack made up $12,000 
(200-mile or 322-km electric range) to $15,000 (250 mile or 402 km) of the cost. 
This corresponds to 42% to 48% of the electric vehicle production costs. By 2025, 
the battery share of vehicle cost declines to $5,800 to $7,500 per vehicle, or 26% to 
31%. The other electric drivetrain components (motor, power electronics, converter, 
and cables) account for another 12% to 13% of the vehicle cost. Using the same study 
and assumptions, battery packs represent 11% to 15% of the manufactured content of 
plug-in hybrid vehicles in 2018, declining between 6% to 9% by 2025. 
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Figure 7. Conventional and electric vehicle manufacturing cost, 2018 and 2025. Source: Lutsey 
and Nicholas, 2019. 


Electric vehicle sales by battery production supplier and their cell manufacturing 
location are shown in Figure 8. As seen on the left side, battery suppliers continue 

to move to high-volume production, with five companies now achieving production 

of more than 200,000 electric vehicles per year. The major battery suppliers for 
electric vehicle sales in Canada and the United States are Panasonic for Tesla, AESC 
for Nissan, and LG Chem for Chevrolet. As Figure 8 indicates, China, South Korea, 

and Japan dominate battery manufacturing. When U.S. and Canada electric vehicle 
sales grow sufficiently to induce more electric vehicle supply chain creation directly in 
North America, battery manufacturing in the United States and Canada is expected to 
become more attractive to companies. 
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Figure 8. Electric vehicle battery assembly supplier company and country, 2014-2018 


The major parts of battery production are the raw materials, the cell manufacturing, 
and the pack-level assembly. Anderman (2018) provides a breakdown of battery pack 
production that moves from 100,000 units per year in 2020 to 500,000 in 2025. The 
study indicates that the materials (including lithium, cobalt, nickel, manganese, and 
graphite) are about half the battery pack raw materials cost, with a quarter from cell 
manufacturing and a quarter in pack-level manufacturing, including the packaging and 
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cooling system. These battery cost percentages provide an indication of the relative 
value for companies and countries to take a strategic interest in the material mining, 
cell assembly, and battery pack manufacturing. 


In addition to these battery-specific materials, there are other automotive content 
shifts that are likely from electric vehicles. A detailed material comparison of 
comparable electric and conventional cars (UBS, 2017) indicates the following ona 
kilogram(kg)-per-vehicle basis: comparable electric vehicles could use 140 kg more 
active battery materials (lithium, cobalt, nickel, manganese, and graphite), 72 kg more 
(or 70% higher than conventional) aluminum, 41 kg more (+80%) copper, 55 kg less 
(-7%) steel, and 62 kg (-60%) less iron. 


Although Canada does not have any significant automotive battery pack 
manufacturing in 2019, the country does have several of the important underlying 
resources for battery production. Canada is a top-10 country globally for cobalt mining 
and reserves, graphite production, lithium identified resources, and nickel production 
and reserves (United States Geological Survey, 2019). In addition, Canada’s abundant 
renewable energy and relatively low-carbon electricity are valuable as manufacturers 
seek low-carbon battery production. Attracting battery production to Canada is an 
important way for the country to secure a critical and growing part of the supply chain 
for electric vehicles sold in North America and around the world. 
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ASSESSMENT OF CANADA'S POSITION: 
HEAVY-DUTY VEHICLES 


This section assesses Canada’s HDV industry up to 2018 according to market and 
production metrics for total and electric HDV sales and production. The analysis relies 
on global electric vehicle data from EV-Volumes (2019), overall global vehicle sales and 
production data from the International Organization of Motor Vehicle Manufacturers 
(OICA), stakeholder interviews, and publicly available information. 


This report uses a broad definition of HDVs, and includes on-road vehicles belonging to 
Classes 2b through 8 with a gross vehicle weight rating of over 3,856 kg. HDVs include 
a variety of vehicle sizes and types, including tractor-trailers, delivery trucks, buses, 
vans, construction equipment, and refuse vehicles. 


According to OICA and as shown in Figure 9, Canada is the fifth largest commercial 
vehicle producing country, behind the United States, China, Mexico, and Japan 
(OICA, 2019b).' The nearly 1.4 million commercial vehicles sold in 2018 represent 5% 
of global production. In 2010, 1.1 million commercial vehicles were manufactured in 
Canada, making it the fourth highest producing country and 6% of global production 
(COICA, 2019c). 
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Figure 9. Ten highest-producing countries of commercial vehicles, 2018. Source: OICA, 2019b. 


1 The OICA data set for 2018 does not include entries for the Czech Republic, Finland, Germany, Hungary, 
Romania, Slovakia, Slovenia, and Uzbekistan. For these countries, 2018 production values are estimated based 
on 2010 data and average global growth rates between 2010 and 2018. 
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Figure 10 illustrates a steady growth in HDV sales in Canada as measured by total 
vehicle registrations? between 2010 and 2018, from 1 million in 2010 to 1.2 million in 
2018, with average annual growth of 2.7% between 2011 and 2018. Growth has been 
driven mainly by the medium and heavy truck sections,’ with 3.3% and 2.5% average 
annual growth rates, respectively. Passenger buses in this segment, including school, 
urban transit and inter-city buses, are growing incrementally (Office of Energy 
Efficiency, n.d.). 
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Figure 10. Total medium truck, heavy truck, and bus registrations, 2010-2018. Source: Statistics 
Canada, 2019a. 


Total vehicle registrations (# of units) 


HEAVY-DUTY VEHICLE PRODUCTION AND TRADE 


Canada’s HDV manufacturing sector has seen robust growth in recent years, with total 
sector revenues increasing 76% between 2012 and 2017, from $2 billion to $3.5 billion 
(Statistics Canada, 2019c).* 


Specifically, domestic production of heavy trucks has grown significantly; between 
2011 and 2018, Canada’s share of the world’s total heavy truck production increased 
from 0.25% to 0.49%.° While global production levels have remained relatively steady 
during this period, Canada’s production of heavy trucks more than doubled. In 2018, 
Canada produced 20,911 of the 4.2 million heavy trucks produced globally, resulting 

in Canada ranking 15th in the world (OICA, 2019b). Canada’s exports in the HDV 
manufacturing sector increased by $2.1 billion, or 252%, between 2010 and 2018. The 
United States has consistently been the destination for over 95% of Canada’s exports in 
the HDV sector, accounting for $2.9 billion in 2018 (Government of Canada, 2018c). In 
the same period, Canada imported HDV manufactured products at a greater pace than 
its exports (an increase of $4.9 billion or 119%), resulting in an increasing trade deficit 


2 This paper’s definition of HDV includes some vehicles within the Canadian Vehicle Survey’s definition of “light 
vehicle.” These are excluded from Figure 10. 

3 According to Statistics Canada (2019b), medium trucks are defined as having gross vehicle weights between 
4,500 and 14,999 kg while heavy trucks are defined as having gross vehicle weights above 15,000 kg. 

4 Statistics for Canada’s heavy-duty vehicle manufacturing sector come from the North American Industry 
Classification System (NAICS) code 33612. 

5 Per OICA’s definition, “heavy trucks” refers to vehicles intended for the carriage of goods with a maximum 
authorized mass over 7 metric tons. This definition includes vehicles between 7,000 and 14,999 kg, which are 
considered “medium trucks” by Statistics Canada (see the previous footnote). 
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from $3.3 billion in 2010 to $6.1 billion in 2018 (Government of Canada, 2019d). This is 
indicative of a growing domestic market for HDVs and related parts, which could be 
increasingly served by Canadian production. 


Canada’s HDV manufacturing sector is heavily concentrated in Quebec and Manitoba, 
which collectively account for 43% of its production facilities and 89% of its medium 
and large establishments (Government of Canada, 2018b). This is in contrast to the 
light-duty vehicle side, which is concentrated in Ontario (Government of Canada, 
2018a). Quebec has a cluster of automotive firms specializing in trucks and buses, 
while Manitoba has several companies specializing in bus production (Global Affairs 
Canada, 2018). 


OEMs with a significant Quebec footprint include the Volvo Group (Nova Bus, Prévost) 
and PACCAR (Kenworth, Peterbilt). Nova Bus is a manufacturer of a variety of buses, 
including diesel, natural gas, and electric configurations. Nova Bus’s Canadian locations 
include a plant in St-Eustache, Quebec, where its national headquarters is located, and 
a plant in St-Francois-du-Lac, Quebec (Nova Bus, 2017b). Prévost, a manufacturer of 
intercity touring coaches and conversion coaches, has its head office in Sainte-Claire, 
Quebec (Prevost, 2019). PACCAR has operations in Ste-Thérése, Quebec, where it 
produces medium- and light-duty Peterbilt and Kenworth trucks (PACCAR, 2019). 


HDV manufacturers with a significant presence in Manitoba include Motor Coach 
Industries (intercity coaches) and New Flyer (transit buses). Both Motor Coach 
Industries and New Flyer have a production facility in Winnipeg, Manitoba (NFI Group 
Inc., 2019b). 


HEAVY-DUTY ELECTRIC VEHICLE SALES 


While HDV stock and production is growing, the stock of electric HDVs in Canada is 
quite low. This is slowly changing, however, with businesses and government agencies 
procuring electric HDVs each year. For the purpose of this report, the definition of 
electric HDVs includes only electric, plug-in hybrid electric, and fuel cell electric 
propulsion vehicles. Due to data constraints, total heavy-duty electric vehicle sales do 
not include hybrid electric heavy-duty vehicles (EV-Volumes, 2019). 


Zero-emission trucks and buses have similar environmental and economic benefits as 
their conventional counterparts, though several barriers have impeded their adoption 
to date. These barriers to widespread adoption include limited range, high purchase 
prices, high costs of refueling infrastructure, unproven reliability and durability of the 
technologies, and reduction in return on investment through reduced payload capacity 
due to weight of the battery (Wiginton, Smith, Ewing, & Battista, 2019). Given these 
and other challenges, the large majority of early deployments of zero-emission trucks 
and buses have been in urban applications and use cases. Public transit buses and 
freight trucks that operate in urban environments tend to have predictable routes and 
set downtime at a depot, which makes refueling with electricity or hydrogen easier to 
operationalize. 


Growth in Canada’s electric HDV® market has occurred mainly in the past three years, 
with zero sales between 2010 and 2015, and marginal absolute growth until 2018, when 
Canada’s electric HDV sales were reported to be under 50 (EV-Volumes, 2019). Canada 


6 This section of the paper, in line with EV-Volumes (2019), will define an electric HDV as a small bus, medium 
bus, large bus, or heavy truck with a battery-electric, plug-in hybrid electric or fuel cell electric propulsion 
system. It should be noted that this definition excludes hybrid-electric vehicles. 


14 ICCT WHITE PAPER | POWER PLAY: CANADA'S ROLE IN THE ELECTRIC VEHICLE TRANSITION 


currently sits at 21st place within the global electric HDV market. Electric HDV markets 
of similar size include Australia, Germany, Belgium, Norway, and Russia, with sales 

in 2018 ranging from 40 to 50. Based on data from EV-Volumes (2019), global sales 
have skyrocketed in recent years, increasing from 2,300 in 2012 to a peak of 207,900 
in 2016. Passenger buses make up the majority of global electric HDV sales, at 82% in 
2018, with heavy trucks making up the majority of the balance. This pace of growth is, 
in large part, driven by sales in China. As shown in Figure 11, China has dominated the 
global heavy-duty electric vehicle sales market from 2010 to 2018, making up 98% of 
global sales in 2018. China has encouraged the sales of electric buses primarily through 
subsidies, which began in 2009 and applied to battery-electric, plug-in hybrid electric 
and fuel cell electric buses. Government support was aimed at a number of “pilot 
cities” and included assistance for charging infrastructure as of 2013 (International 
Energy Agency, 2018). 


Following China, the next leading markets of electric HDVs—albeit all below 1% of 
global sales—include the United States (0.47%), the Netherlands (0.25%), India (0.17%), 
and the United Kingdom (0.15%) (EV-Volumes, 2019). Canada makes up a very small 
portion of global sales at 0.03%. Globally, sales of electric HDVs have been declining 
since 2016, with sales totaling 121,600 in 2018. This downward trend can be attributed 
to factors including changes made to subsidies for electric buses from the Chinese 
national and local governments (Dixon, 2018). 
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Figure 11. Global heavy-duty electric vehicle sales from 2010 to 2018, China and the rest of the 
world. Source: EV-Volumes, 2019. 


Similar to global trends, electric passenger bus sales in Canada represent a majority 
of total zero-emission HDV sales (83%) (EV-Volumes, 2019). Much of the growth of 
the electric passenger bus segment is likely attributed to transit agencies increasing 
procurement of electric public transit vehicles. Several developments in the 
deployment of battery-electric transit buses in Canada are summarized in Table 3. 
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Table 3. Battery-electric bus deployments in Canada 


City, transit agency, and 
other stakeholders Description 


The City of Toronto has committed to transitioning 


Toronto. Toronto Transit 50% of its fleet to zero-emission vehicles by 2032 Eee 
pees and 100% of the fleet by 2040. TTC announced that ae 
Commission (TTC) ; . F Commission 
a total of 60 electric buses will be delivered by the nid 


end of 2019. 


In 2017, STM announced plans to purchase 40 


Montreal, Societe de additional electric buses, and has been testing three Société de 


transport de Montréal electric buses between 2017 and 2019 through transport 
(STM) the City Mobility demonstration project. STM has de Montréal 
committed to purchasing only fully electric vehicles (n.d.-a) 
for its surface fleet by 2025. 
TransLink is seeking to increase its battery-electric 
Vancouver, Translink, bus fleet so as to meet a target of 100% renewable 
Canadian Urban Transit energy by 2050. TransLink is running a battery- Translink 
Research & Innovation electric bus pilot in partnership with CUTRIC. This (2017) 
Consortium (CUTRIC) pilot will last 2.5 years and involve the testing of four 
battery-electric buses from Nova Bus and New Flyer. 
BC Transit is planning to purchase only electric 
heavy-duty buses as of 2023. It has a target of 
BC Transit a fully electric fleet by 2040. In July 2019, BC BC Transit 
Transit announced the acquisition of 10 battery- (2019) 


electric heavy-duty buses. These are intended for 
deployment in 2021. 


Electrification in the transit sector has been spurred in part by public and private 
sector programs. The Investing in Canada Plan, a 12-year, $180 billion plan seeking 
to invest in areas including public transit and “green Infrastructure” (Infrastructure 
Canada, n.d.), has resulted in 846 new alternative-fuel buses, including battery- 
electric and hybrid (Infrastructure Canada, 2019). Investments through the 
Government of Canada’s Public Transit Infrastructure Fund (PTIF) program has 
assisted the TTC in purchasing hybrid- and all-electric buses since 2018 (Toronto 
Transit Commission, 2018). 


The City of Brampton and Brampton Transit, the Regional Municipality of York and 
York Region Transit, and the City of Vancouver and Translink have been participating in 
the Pan-Canadian Electric Bus Demonstration and Integration Trial in partnership with 
CUTRIC (Canadian Urban Transit Research & Innovation Consortium [CUTRIC], 2019a). 
The project, which includes various equipment and charging station manufacturers 
with a presence in Canada, seeks to test the integration of hybrid-electric and battery- 
electric buses with overhead charging systems. There has been an uptake of electric 
school buses, although at a much smaller scale. It has been estimated that there are 
about 80 electric school buses in operation in Quebec (Dunsky, 2019) and 13 electric 
buses in Ontario (Dunsky, 2019). 


Fleet managers in the private sector in Canada are also beginning to incorporate 
electric trucks into their operations. In 2017, Loblaw Companies Limited announced a 
commitment to electrify its corporate-owned trucking fleet and recently ordered 25 
electric heavy-duty trucks from Tesla (Saminather, 2017). In September 2018, Walmart 
Canada announced a target of 100% alternative power for its fleet by 2028. With the 
company’s purchase of 40 Tesla 18-wheeler semi-trucks, 20% of the company’s fleet 
will be electric as of 2022 (Walmart Canada, 2018). In April 2019, CN announced a 
pilot project involving eight Class 8 electric trucks from The Lion Electric Co., to be 
deployed in CN network cities including Vancouver, Toronto, and Montreal (CN, 2019). 
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HEAVY-DUTY ELECTRIC VEHICLE PRODUCTION 


Global heavy-duty electric vehicle production is heavily concentrated, with 82% of 2018 
sales originating from OEMs with global headquarters’ in China. Canada ranks sixth in 
production, at a 0.1% share (EV-Volumes, 2019). 


Electric HDV producers with a significant presence in Canada include The Lion Electric 
Co., Nova Bus, New Flyer, Build Your Dreams (BYD), and GreenPower Motor Company. 
In 2018, these companies, excluding BYD, sold 130 electric HDVs, of which 23% went 
to the Canadian market and 77% to the United States.® Canada is one of only a small 
number of countries with multiple OEMs making electric HDV sales in 2018 (EV- 
Volumes, 2019). 


Table 4 shows the top seven OEMs with electric HDV sales in Canada and the United 
States in 2018. Canadian firms accounted for 50% of the Canadian market and 17% 
of the U.S. market. In the United States, U.S. firms accounted for 24% of sales. OEMs 
headquartered outside of North America account for a significant portion of electric 
HDV sales in Canada and the United States. In 2018, BYD made up 42% of total 
electric HDV sales in the United States and 20% of the Canadian market. Daimler 
AG, headquartered in Germany, accounted for 17% of total electric HDV sales in the 
United States. The strong position of Canadian OEMs in the North American market 
iS encouraging. 


Table 4. Seven highest-selling electric HDV OEMs in Canada and the United States in 2018 


Global Global 
Sales % H.Q Sales % H.Q 
1 Lion Electric 35% Canada 42% China 
2 Volvo Group 10 25% Sweden 2 Proterra 130 23% is: 
3 BYD 8 20% China 3 Daimler AG 97 17% Germany 
4 New Flyer 4 10% Canada 4 New Flyer 62 1% Canada 
Bl pea 5% Canada 5 _ Lion Electric 20 3% Canada 
Motor Company 
6 Blue Bird 1 3% US. 6 GreenPower 8 3% Canada 
Corporation Motor Company 
7 Navya 1 3% France 7 Eiue eve 7 1% WESs 


Corporation 


While only one electric light-duty vehicle model is manufactured in Canada, a 
number of Canadian OEMs produce multiple models of electric and hybrid-electric 
HDVs. In 2018, 75% of electric HDVs sold in Canada were built by OEMs with global 
headquarters in Canada? (EV-Volumes, 2019). These include New Flyer’s battery- 
electric Xcelsior CHARGE bus and fuel cell-electric Xcelsior CHARGE H2 bus (New 
Flyer, 2019a and 2019b); Nova Bus’s LFSe electric bus and LFS HEV hybrid bus 
(Nova Bus, 2017a and 2017b); and The Lion Electric Co.’s LionC and LionA electric 


7 This section uses 2018 sales as a proxy for 2018 production and OEM global headquarters as a proxy for 
production location. For more details, please see Appendix 1. 

8 Nova Bus, while a subsidiary of the Volvo Group, has its headquarters in Canada and is included in the 
calculation. 

9 Nova Bus, which is headquartered in Canada, is owned by the Volvo Group (Sweden). We add the Volvo 
Group’s 25% to the shares of Lion Electric (35%), New Flyer (10%) and GreenPower Motor Company (5%) to 
get 75%. 
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school buses (The Lion Electric Company, n.d.-a and n.d.-b). In its December 2018 
announcement of the purchase of 12 electric school buses from The Lion Electric Co., 
Keolis Canada noted that the buses are manufactured and assembled in Saint-Jerome, 
Quebec (Keolis Canada, 2018). In its June 2018 announcement of a five-year contract 
for the delivery of nearly 500 hybrid electric buses to a number of Quebec transit 
authorities, Nova Bus noted that activities at its Saint-Eustache and Saint-Francois- 
du-Lac plants “help meet Canadian content policies requirements as called for by the 
Quebec government” (Nova Bus, 2018a). In 2019, The Lion Electric Co. introduced 
electric truck models, including the Lion8 all-electric urban truck and the Lion all- 
electric waste collection truck (The Lion Electric Company, 2019 and n.d.-c). Finally, 
Nordresa,'° headquartered in Laval, Quebec, designs and manufactures electric 
powertrains for medium-duty vans and trucks (Nordresa, 2019a & 2019b). 


The growing Canadian electric HDV production shows potential for Canadian job 
growth. Nova Bus employs more than 1,000 people across three plants in North 
America (Nova Bus, 2017a). Since 2017, Nova Bus has created about 200 jobs in its 
Quebec plants (Infrastructure Canada, 2019). New Flyer employs 1,300 Canadians to 
manufacture a variety of transit buses including its electric model (McNamara, 2019). 


10 Nordresa was acquired by Dana Inc. in August 2019 (Nordresa, 2019a). 
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DEVELOPMENTS AND OPPORTUNITIES FOR 
Pry DROGEN FUEL CELL VERICLES AND 
INFRASTRUCTURE IN CANADA 


To date, plug-in vehicles have captured all but a small portion of the global zero- 
emission vehicle market, with battery electrics and plug-in hybrids accounting 

for 99.8% and 99.6% of cumulative light- and heavy-duty electric vehicle sales, 
respectively, through August 2019 (EV-Volumes, 2019). However, while plug-in electric 
vehicles are being commercialized more rapidly, hydrogen fuel cell vehicles have two 
important advantages over battery technology: longer driving ranges and shorter 
refueling times (Wiginton et al., 2019). The significantly higher energy density of 
hydrogen compared to batteries ensures that fuel cell electric vehicles remain an 
appealing zero-emission option, especially for larger vehicles, as well as those that 
need to travel longer distances. 


Despite the advantages of longer range and shorter refueling times, hydrogen 

fuel cell vehicles have considerable barriers to widespread adoption. Hydrogen 
refueling infrastructure is limited, the cost of producing and delivering hydrogen 
fuel to service stations at low volumes is currently high. Moreover, fuel cell vehicle 
production costs will have to decrease substantially, and consumers’ familiarity with 
the technology and its benefits will need to improve for hydrogen-powered vehicles 
to reach the mainstream. 


There are several reasons hydrogen fuel cell vehicles can be particularly important 

to Canada’s economy and play a role in its transition to a more sustainable on-road 
transportation future. First, Canada is home to a significant concentration of hydrogen 
and fuel cell companies that cover all elements of the transport-related supply chain— 
including hydrogen production and delivery, refueling stations, and fuel cell vehicle 
engineering and manufacturing. Several of the Canadian firms that are active in these 
three respective areas are summarized in Table 5. The largest cluster of hydrogen and 
fuel cell companies in Canada is located in British Columbia, but there also companies 
based in Ontario, Alberta, New Brunswick, and Manitoba. 
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Table 5. Canadian companies in the hydrogen production, refueling infrastructure, and fuel cell 
vehicle sectors 


Advanced Flow Systems Maple Ridge, BC 
Enbridge Gas Distribution = Calgary, AB 
Hydrogenics Mississauga, ON 
adic cbuxferCanada ltd, = Calgary AB 
production 
Next Hydrogen Mississauga, ON 
“Nuionic Technologies = = redericton, NB 
Quadrogen Power Systems Burnaby, BC 
-Xebec Adsorption inc. = Bainville, @C 
Associated Plastics and Supply Corp. Vancouver, BC 
Aurora Scientific Corp. Aurora, ON 
Change Energy Services Inc. Oakville, ON 
Hydrogen Technology and Energy Corporation Vancouver, BC 
Hygiene wel Hydra Energy Corp. Delta, BC 
Hydrogen In Motion Inc. Vancouver, BC 
IRDI System Richmond, BC 
Kraus Global Ltd. Dispensing Solutions Winnipeg, MB 
Powertech Labs Inc. Surrey, BC 
Ballard Power Systems Burnaby, BC 
Dana Canada Oakville, ON 
Hydrogen fuel cell Loop Energy Burnaby, BC 
manufacturing Overdrive Fuel Cell Engineering Inc. Burnaby, BC 
Palcan Energy Corp. Vancouver, BC 
Zen Clean Energy Solutions Inc. Vancouver, BC 


Various policies, incentive programs, and industry collaborations have helped initiate 
hydrogen-related demonstration projects, research initiatives, and commercialization 
efforts in Canada. Table 6 summarizes some of the developments over the past two 
years. Part of Natural Resources Canada’s Green Infrastructure Fund was dedicated 

to the Electric Vehicle and Alternative Fuel Infrastructure Deployment Initiative 
(EVAFIDI), a program that supports the construction of a nationwide refueling network 
for zero-emission and other alternative-fuel vehicles. Specific to hydrogen, Phase 1 
deployed three refueling stations, and another 12 stations are planned as part of Phase 
2 (Natural Resources Canada, 2019e). 
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Table 6. Select hydrogen-related projects and policies in Canada’s on-road transportation sector, 
2017-2019 


Primate Description Sources 


Federal Budget 2017 expands the Electric Vehicle and Alternative Fuel Infrastructure 


March 2017 Deployment Initiative (EVAFIDI) with an additional $80 million including 50% Natural Resources (2019e) 
funding for hydrogen stations 
June 2017 Canadian Hydrogen Fuel-Cell Electric Vehicle Coalition hosted a ride-n-drive event CNW Group Ltd. (2017) 


Pan-Canadian Hydrogen Fuel Cell Electric Vehicle Demonstration and Integration 
Trial. The project will deploy and demonstrate on-road the feasibility of at least 10 CUTRIC (2019b) 
fuel cell electric buses and one Class 8 fuel cell truck 


October 2017- 
December 2021 


January 2018 Toyota announces the sale of Mirai light-duty hydrogen fuel cell vehicles in Canada Toyota Canada Inc. (2018) 
June 2018 Shell and HTEC launch Canada’s first retrial hydrogen refuelling station for vehicles Shell Canada (2018) 


Hydrogenics and Enbridge Gas Distribution open North America’s first multi- 


Balyezols megawatt power-to-gas facility in Markham, ON (suburb of Toronto) 


Hydrogenics (2018) 
Air Liquide announces the construction of the largest proton-exchange membrane 

February 2019 electrolyzer in the world (20 MW capacity). The project will increase the current Air Liquide (2019) 
hydrogen output capacity by 50% and will be located in Becancour, QC 


March 2019 Hyundai introduces the NEXO hydrogen fuel cell sport utility vehicle in Canada Venetis (2019) 


The Alberta Zero-Emissions Truck Electrification Collaboration (AZETEC) launches. 
The project will deploy two heavy-duty, extended-range, hydrogen fuel cell electric- 
hybrid trucks that will move freight year-round between Edmonton and Calgary. 
Trimac Transportation and Bison Transport will operate the trucks. 


March 2019 Lowey (2019) 


Federal Budget 2019 provides $130 million to accelerate zero-emission vehicle 
March 2019 deployment. This includes the first-ever nationwide subsidy for the purchase of Transport Canada (2019) 
battery-electric and hydrogen fuel cell vehicles. 


British Columbia’s Automotive Fuel Cell Cooperation (AFCC), a fuel cell stack 
developer and joint venture between Daimler, Ford, and Ballard Power Systems created 
in 2008 (Orton, 2018), was instrumental in establishing the world’s first standardized 
automotive fuel cell stack production facility in Vancouver. The AFCC dissolved in 
2018, as Daimler and Ford wanted to bring this fuel cell expertise in-house, but the 
Mercedes-Benz Fuel Cell plant in Burnaby, BC, continues to produce fuel cell stacks for 
the automotive industry (Daimler, 2019). 


Canada’s first retail hydrogen station, a collaboration between Shell and the Hydrogen 
Technology and Energy Corporation (HTEC), opened in Vancouver in June 2018 (Shell 
Canada, 2018). Quebec’s first hydrogen station was opened in spring 2019 and has the 
capability to operate the city’s fleet of 50 Mirai fuel cell vehicles (CAA-Quebec, 2019). 
Hyundai introduced its NEXO hydrogen-powered sport utility vehicle to the Vancouver 
market in March 2019 and is partnering with Modo, a car-sharing cooperative, to make 
the vehicle accessible to a wider audience (Venetis, 2019). 


With respect to HDVs, Canadian manufacturers and fleets have been showcasing 
hydrogen fuel cell technology for many years, and commercial activity has accelerated. 
Vancouver-based Ballard Power Systems has been deploying its hydrogen powertrain 
solutions in commercial vehicles in Canada and several other countries around the 
world since the early 1990s. The company’s fuel cell system has been deployed in 
transit buses in 15 countries over the past 10 years, with those buses traveling over 10 
million kilometers (Ballard Power Systems, 2019). In October 2018, Ballard secured 
nearly $6 million in funding from the California Air Resources Board to outfit four UPS 
delivery trucks in southern California with hydrogen fuel cell modules. In partnership 
with BAE Systems, Ballard is developing two yard trucks that will be operated by 
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TraPac in the Port of Los Angeles starting in the spring of 2020 (Ballard Power 
Systems, 2018). 


While Canadian-based manufacturers are supplying hydrogen fuel cell systems to 
commercial fleet operators around the world, hydrogen buses and trucks are also 
being deployed in Canada. The Pan-Canadian Hydrogen Fuel Cell Electric Vehicle 
Demonstration and Integration Trial will deploy and demonstrate the real-world 
feasibility of at least 1O hydrogen fuel cell transit buses and one tractor-trailer (CUTRIC, 
2019b). In March 2019, the Alberta Motor Transport Association launched the Alberta 
Zero-Emissions Truck Electrification Collaboration (AZETEC) initiative in collaboration 
with several industry and government partners. The AZETEC project will deploy two 
hydrogen fuel cell trucks that will haul freight in real-world service between Edmonton 
and Calgary. Trimac Transportation and Bison Transport will operate the trucks. 


Along with the advantage of having a diverse cross-section of industry players active 
in the hydrogen and fuel cell sectors, hydrogen offers another strategic advantage 
for Canada. The electrical grid in Canada is powered by a relatively high percentage 
of renewables and low-carbon sources, including 60% hydro power, 16% nuclear, and 
5% other renewables (National Energy Board, 2017). As with electricity, hydrogen can 
be produced from a variety of lower-carbon and renewable sources. Hydrogen can 
provide a complement to renewable power generation, as it offers the ability to store 
excess renewable electricity, thereby enhancing the uptake of lower carbon sources 
on the grid. As a result, hydrogen fuel presents an attractive opportunity for energy 
storage and revenue for electrical utilities. 


A third strategic benefit of hydrogen in the Canadian context are fuel cells’ superior 
performance when operating with very heavy loads and in colder temperatures. This 
advantage is likely to manifest most acutely in the heavy-duty trucking sector, as these 
are the heaviest on-road vehicles, and they must be able to operate in severe winter 
conditions. In Canada, battery-electric trucks are likely to face performance limitations 
due to the weight and temperature constraints posed by battery technology. Fora 
battery-electric tractor-trailer with maximum weight of 36,000 kg and a range of 
roughly 800 km, the battery pack would weigh about 9,000 kg. After accounting for 
the removal of the diesel engine and associated powertrain component, this 6,000 

kg of net additional weight represents over 25% in lost payload, which would be a 
significant reduction in lost cargo capacity (Sharpe, 2019). With hydrogen being much 
more energy dense than batteries, weight impacts are expected to be much less of 

a concern for fuel cell trucks. For example, Nikola’s hydrogen model freight truck 
weighs about 5,000 pounds (~ 2,270 kg) less than the battery-powered variant (O’Dell, 
2019). Sharpe (2019) also reviewed the literature to estimate the impacts of cold 
temperatures on battery performance and driving range. At -20°C, we estimated up to 
a 25% reduction in available driving range due to degraded battery performance. Data 
from several years of fuel cell bus evaluations indicate that the range and performance 
of fuel cell vehicles is not compromised in cold weather, and we estimate similarly 
robust functionality for hydrogen trucks at low temperatures (Sharpe, 2019). 


22 ICCT WHITE PAPER | POWER PLAY: CANADA'S ROLE IN THE ELECTRIC VEHICLE TRANSITION 


POLICIES TO SUPPORT ELECTRIC VEnIGLES 


This section compiles and assesses available information on policies supporting growth 
in electric vehicle production. Because 80% of light-duty electric vehicle sales originate 
from assembly in the same region, demand-side market policies are summarized. We 
also examine supply-side industrial development activities to spur industry electric 
vehicle research, development, and deployment. 


MARKET AND INDUSTRIAL DEVELOPMENT POLICIES 


The vast majority of global electric vehicles sales are in relatively few countries; just 
11 national markets account for 91% and 99% of electric light- and heavy-duty vehicle 
sales, respectively, in 2018 (EV-Volumes, 2019). A variety of research studies help 
identify what underlying policies are encouraging sales in these markets. 


Table 7 summarizes electric vehicle policy actions in most of the major national 
electric vehicle markets. Several light-duty vehicle sales and production statistics are 
also shown at the top of the table in light blue shading to provide broader market 
context. The “X” marks denote national programs; “/” signifies smaller local or 
regional programs. For light-duty vehicles, the markets in the table account for the 
vast majority of cumulative 2010 to 2018 global electric vehicle sales (94%), electric 
vehicle production (97%), and electric vehicle battery cell manufacturing (100%) 
(EV-Volumes, 2019). 
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Table 7. Summary of government electric vehicle policy actions in selected areas 


od 
a 8 3 
a 
z Fics s | & = 
so) (7) 
2 E | 2b a | 4 £ 
< o fe = © te) o 
=) oO yes oO 77) z 
Total vehicle sales in 2018 (million vehicles) 25 17 0.1 3.4 2.4 4.4 QD DLO 1.6 0.4 0.4 
Vehicles ; EH ai 
Total vehicle manufacturing in 2018 (million 26 n 00 51 16 92 23 20 40 023 016 
vehicles) 
Global 2010-2018 electric vehicle sales 45% 22% 5% 4% 4% 5% 3% 2% 1% 2% 3% 
Electric Global 2010-2018 electric vehicle production ATS | POS | OS | iS | 285 | 6 | AG HOLS | SOS || 286 0.4% 
vehicles Electric vehicle sales 2018 (thousands) 1100) | 430 | 73 | GS | BO | SB || 4S | 2g | wa | ze 27 
Electric vehicle production 2018 (thousands) 100" S45 (0) PAG IS) || NG 181 5g 9 84 28 13 
Research and development support x x x x x x x x x x x 
Battery cell or electric vehicle production 
; ‘ x if x 
incentive 
Minimum battery production size incentive 
Industrial 
policy Local manufacturing tax incentives Xx i / / if jf / / 
Battery production minimum capacity x 
mandate 
Vehicle incentives linked to domestic 
: x 
batteries 
Long-term efficiency or CO, standards x x x x x x x x x x x 
ane provisions within efficiency Xx Xx Xx Xx Xx Xx Xx Xx x 
Regulatory regulations 
policy Electric vehicle deployment requirements Xx / if 
ae, for long-term transition to all electric / / Xx / Xx Xx Xx Xx 
rive 
Vehicle purchase incentive Xx Xx Xx Xx Xx xX x if if Xx 
Government purchasing preferences xX if ff / ff Xx ff if Xx 
Local registration, lottery, auction preference x 
High baseline fuel price (i.e., greater fuel Xx x Xx Xx Xx Xx 
savings) 
Consumer Annual vehicle fee exemption or incentive x x x x 
support 
Discounted or free electric charging Xx ff if x 
Preferential lane (e.g., bus, HOV lane) access if x Xx 
Reduced roadway tax or tolls x x x x 
Preferential parking access / // / if / if 
Public outreach campaign ff xX xX if if if 
Carbon pricing system Xx jf Xx Xx Xx Xx Xx jf Xx Xx 
Low carbon fuel incentive for electricity 
Charging providers / ‘A A a - / as es 
infrastructure 
Public charging network funding Xx if x Xx x Xx if x Xx xX 
Home charging equipment tax incentives Hf x x i if Hi Netherlands 


Note. Vehicle statistics are for light-duty passenger vehicles. The data in the top two areas of the table (“Vehicles” and “Electric vehicles”) include 
only light-duty vehicles. The table includes a summary of the three major Asian markets, the two major North American markets, and also five major 
European markets for electric vehicles. The table is based ona similar table by Lutsey et al. (2018). It also includes updated information from the 
research above and updates from city-focused studies (Slowik & Lutsey, 2019; Hall, Cui, & Lutsey, 2018). 
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Table 7 shows how growing the electric light-duty vehicle market requires a broad mix 
of policy actions. A comprehensive package of policies is also required to support the 
development and deployment of electric heavy-duty vehicles. Most of the 11 countries 
shown have implemented the same types of policies to promote electric vehicles with 
regulatory policy, incentives, charging infrastructure, and other promotion activities. 
These actions address the barriers of limited electric vehicle supply, high upfront cost, 
and charging convenience. 


Compared with other markets where electric vehicle uptake is high, Canada’s electric 
vehicle policy development has been mixed. Canada has implemented many of the 
leading policies, but typically in a more limited manner than other major markets. 
Regulations are the strongest actions, as they can essentially require that electric 
vehicle models be made available and that the auto industry deploy, market, and sell 
them in increasing numbers. Canada’s vehicle greenhouse gas regulations, like those 

in the United States, are insufficient to induce broad electrification (Lutsey, 2018b). 
Zero-emission vehicle requirements are currently implemented only in Quebec, which 
accounts for about 23% of the Canadian auto market (Statistics Canada, 2019a). British 
Columbia, which makes up roughly 10% of Canada’s passenger vehicle sales, is in the 
process of adopting a similar zero-emission vehicle regulation. The federal government’s 
Clean Fuel Standard can be expected to encourage electrification, but the regulation is 
still under development. Canada’s federal carbon pricing backstop is also expected to 
encourage the uptake of electric vehicles nationwide through raising the ownership cost 
of conventional combustion vehicles (Natural Resources Canada, 2019d). 


There are substantial federal and provincial level consumer incentives, particularly in 
Quebec and British Columbia. British Columbia’s Clean Energy Vehicle Specialty-Use 
Vehicle Incentive provides assistance for the purchase or lease of heavy-duty vehicles 
(Fraser Basin Council, n.d.). British Columbia, Quebec, and the federal government 
have each established targets to shift to 100% zero-emission vehicles within the 2040 
to 2050 time frame (British Columbia, 2019; Department of Finance Canada, 2019). 
These could be strengthened through additional, more modest goals for the adoption 
of zero-emission heavy-duty vehicles. 


There has been significant commitment by the Government of Canada to invest 

in electric vehicle supportive infrastructure—including the EVAFIDI, the Electric 
Vehicle Infrastructure Demonstration (EVID) program and the Zero-Emission Vehicle 
Infrastructure Program (ZEVIP) (Natural Resources Canada, 2019a, 2019b, 2019d). 
The Government of Canada’s Investing in Canada Plan, while not specifically focused 
on electrification, has supported the uptake of electric vehicles. Additional federal 
incentives should be made available specifically to support the uptake of electric 
buses by Canadian transit agencies. These incentives would ideally be paired with 
additional support for electrification, including infrastructure funding and workforce 
re-training programs. The federal government and sub-national jurisdictions including 
Quebec and British Columbia have made strong commitments toward the procurement 
of electric vehicles for their fleets (Treasury Board of Canada Secretariat, 2019; 
Transports Quebec, 2019; Government of British Columbia, 2018). In addition to 

the policies discussed above, further investigation is warranted on the deployment 

of public-private partnerships, which can help mitigate the risk associated with 
investment in electric heavy-duty vehicles and related infrastructure. 


In Canada, Ontario and Quebec have established Canadian content requirements 
for public transit procurements. The Ontario Ministry of Transportation amended its 
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Canadian Content for Transit Vehicle Procurement policy in June 2017 to comply with 
the Canada-European Union Comprehensive Economic and Trade Agreement (CETA). 
The amended policy stipulates a 25% maximum on the amount of Canadian content 
that transit entities and operators can require when using funding from the province to 
procure transit vehicles (Toronto Transit Commission, 2017). Prior to CETA, Quebec had 
issued a requirement in 2008, in concert with the STM, that 60% of content in rolling 
stock must be Canadian-supplied and that final assembly be done in Canada (Sinclair et 
al., 2014). More recently, Quebec implemented a requirement of 25% Canadian content 
and final assembly in Canada (Société de transport de Montréal, 2018). 


Canadian content requirements for transit operators can provide a significant boost 

to Canadian bus production. Nova Bus indicated that activities at its Saint-Eustache 
and Saint-Francois-du-Lac plants help meet the Quebec government’s Canadian 
content requirements (Nova Bus, 2018a). Domestic content requirements are also 
useful for job creation and economic value generation. Relevant examples are the 

“Buy America” provisions for transit bus procurements in the United States, which 
apply to procurements above $100,000 that make use of grants administered by the 
Federal Highway Administration or the Federal Transit Authority. These provisions 
include requirements of 100% United States content for manufactured products and 
iron and steel (Canadian Trade Commissioner Service, 2016). Further examination 
would be valuable regarding the extent to which Canadian content policy requirements 
encourage domestic heavy-duty vehicle manufacturing—especially electric HDVs—and 
protects the industry from the loss of jobs and investment in the face of “Buy America” 
policies across the border. 


It is critical that federal, provincial, and local governments commit to creating policies 
that support vehicle manufacturing supply chains to better ensure that Canada has 

a strong domestic industry to meet increased electric vehicle demand over time. 
Moreover, during this transition there will be an increasing need to provide well- 
designed support for the Canadians who depend on the auto industry. 


AUTOMAKER INVESTMENTS AROUND THE WORLD 


An additional way to investigate the relative impacts of policies to develop global 
electric vehicle markets is to identify where auto industry investments and announced 
electric vehicle deployments are going. This includes tallying electric vehicle 
investments by origin, typically the headquarters of the automobile manufacturer, and 
the destination, or the location of the manufacturing plant of the investment, as well as 
available information on announced electric vehicle deployment plans by automakers. 


These various metrics related to electric vehicle investment are shown in Figure 12. 

We first show the most recent full calendar year 2018 vehicle market data for context 
related to the overall light-duty vehicle market and electric vehicles in 2018. These 
metrics, for production location and sales market, are shown in the left side of the 
figure. These show how China plays an outsized role in electric vehicles relatively to 

its overall vehicle market: China represents 27% to 28% of light-duty auto sales and 
production and 52% to 56% of global electric sales and production. North America and 
Europe each represent around one-fifth of the global light-duty vehicle and electric 
markets. As seen in Table 2, Canada’s light-duty vehicle sales and production each 
represent 2% of the global market of 91 million annual vehicles. Canada’s light-duty 
electric vehicle production represents 0.4% of global production, and Canada’s electric 
vehicle sales represent 2% of the 2 million global electric sales. 
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Figure 12. Breakdown of various market metrics related to electric vehicle investments by major 
region. Source: OICA, 2019a, 2019b; EV-Volumes, 2019 


The right half of Figure 12 indicates the origin and destination of electric vehicle 
investments (Lienert & Chan, 2019) in several ways. Of the publicly announced $300 
billion on automaker investments in electric vehicles, many automakers that are 
headquartered in Germany, Japan, and the United States will direct much of their 
investments to China. Just 19% of the $300 billion in announced electric vehicle 
investments originate from China-headquartered companies and 45% of the investment 
total is destined for China. Conversely, about 51% of the electric investments originate 
from European companies, with just 27% destined for European production. 


The right two columns refer to the total number of projected electric vehicles sold in 
2025 based on announced plans from all automakers through 2017 (Lutsey et al., 2018). 
From 2 million electric vehicles sold in 2018, sales are projected to increase to 16 million 
based on announcements by all automakers. Of the announcements, 31% are by auto 
companies headquartered in Europe (Volkswagen, Renault, Mercedes, and BMW), 30% 
in China (Chang’an, BAIC, Geely, and Dongfeng), 28% in Japan (Nissan, Mitsubishi, and 
Toyota), and 11% in the United States (Tesla and General Motors). Many automakers 
have not publicly announced their electric vehicle sales, so these offer an imperfect 
approximation of electric vehicle deployment and do not match the percentages of the 
announced $300 billion in investments by automaker headquarters. 


The right-most column shows the breakdown of 3 million electric vehicles from the 
largest automaker announcements on battery-electric vehicles. Volkswagen, along 
with being the largest announced goal, is also the only one for which a global sales 
breakdown for 2025 was attached to the public announcements (Witter, 2018). 
Investments are primarily from the four main automobile production markets (China, 
Europe, Japan, and North America) and, again, much of the projected sales are 
expected to be in China. 
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There are many examples of the various electric vehicle investments and production 
plans that align with the Figure 12 findings where electric vehicle production is moving 
toward the markets where there is greater growth. Germany-based automakers 
Volkswagen and Mercedes are constructing new electric vehicle assembly plants in 
the United States. All western automakers are increasing electric production in China 
(e.g., Volkswagen Group in joint ventures with China-based FAW, JAC, and SAIC). 
Japan- and South Korea-based battery suppliers including LG Chem, SKI Innovation, 
and Panasonic are adding battery cell production facilities in China, Europe, and the 
United States. 


AUTOMAKER INVESTMENTS IN CANADA 


The information above provides an imperfect picture, yet it illustrates where the 
companies are projecting the largest market and policy developments through 2025 
in the largest markets. Although the data in Figure 12 is shown in a manner that 
groups Canada in the North America data, in our investigation none of the $300 
billion electric vehicle investments or 2025 electric vehicle production plans were 
explicitly slated for Canada. 


To provide some context for how automotive investments could better serve electric 
vehicle developments in Canada, Table 8 summarizes several aspects of the light-duty 
vehicle market. There were 19 vehicle models assembled in Canada; one of these, the 
Chrysler Pacifica, is available as a plug-in hybrid electric. Although electric vehicle 
models made up only 2% of domestic vehicle sales in 2018, there were 37 electric 
models imported into Canada, showing the deficit in Canada’s auto industry in meeting 
demand for electric vehicles. 
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Table 8. Canada vehicle sales by company, models assembled in Canada, and electric vehicle models imported from other regions 


Percentage 
of Canada 
sales market 


Company 
electric share 
in Canada 


Models assembled in 
Canada in 2018? 


Automaker 
group 


Electric models imported from 
other regions 


Ford 15% 0.8% Ford Edge, Flex; Lincoln MKX, MKT (Oakville, Ontario) 
General 14% 2% Chevrolet Equinox, /mpala, Silverado; Cadillac XTS; 
Motors : sit GMC Sierra (Oshawa and Ingersoll, Ontario) 
Toyota Corolla, RAV4; Lexus RX350, RX450h 

9 rey , 7 2 
Mey Ie ioe (Cambridge and Woodstock, Ontario) 
Fiat 1% 0.6% Dodge Grand Caravan, Charger, Challenger; Chrysler 
Chrysler : te Pacifica °(Brampton and Windsor, Ontario) 
Hyundai Kia 10% 1.5% - 
Honda 10% 0.4% Honda Civic, CR-V (Alliston, Ontario) 
Nissan 9% 3.3% _ 
Volkswagen 6% 1.8% — 
Mazda 4% 0.0% — 
Subaru 3% 0.0% _ 
Daimler 2% 1.2% _ 
BMW 2% 2.6% = 
Tesla 0.7% 100% 
Jaguar 6 S a 
Land Rover OSs Oe 
Volvo 0.5% 5.6% _ 


Sources: Based on Marklines, 2019; EV-Volumes, 2019; Government of Canada, 2019e 
@ Models in italics are from Oshawa plant, which General Motors announced will close 
©’ Chrysler Pacifica, available as a plug-in hybrid electric vehicle, is the only electric vehicle assembled in Canada 


INDUSTRIAL DEVELOPMENT POLICIES 


There are several international examples and policy practices that could ensure that 
Canada benefits from the shift to electric vehicles over time. As mentioned, perhaps 
the most constructive broad action is to grow the electric market to attract automaker 
investments in the Canadian supply chain. In addition, more narrowly targeted actions 
on electric vehicle supply chain development, in line with other proactive countries, 
would also spur investments. There are several such examples in battery supply and 
vehicle investments in other areas. 


Some policies and programs already exist to support Canada’s electric vehicle supply 
chain. Canada’s 2018 Fall Economic Statement provided $800 million in added funding 
for the Strategic Innovation Fund. The 2019 federal budget noted that automotive 
manufacturers and parts suppliers could access the fund to invest into Canadian 
zero-emission vehicle manufacturing (Canada Ministry of Finance, 2019). The Strategic 
Innovation Fund describes itself as providing “financial support to projects that will 
improve Canada’s innovation performance while providing economic, innovation 

and public benefits to Canadians” (Innovation, Science and Economic Development 
Canada, 2018). In Quebec, Develop the Industry was one of the three strategic 
directions of the ‘Plan d’action en electrification des transports 2015-2020’ (TEAP). 
Quebec plans to develop its electric transportation industry through interventions 

in research and development, marketing, exports, private investment, and workforce 


Ford C-Max, Fusion Energi, Focus 


Chevrolet Bolt, Volt; Cadillac CT6 


Toyota Prius Prime 


Fiat 500e 

Hyundai Kona, lonig, Sonata, Soul; 
Kia Niro, Optima 

Honda Clarity 

Nissan Leaf; Mitsubishi Outlander 


Volkswagen eGolf; Porsche 
Cayenne, Panamera; Audi A3 e-tron 


Smart fortwo; Mercedes GLC, GLE 


BMW 330e, 530e, i3, i8, X5; Mini 
Countryman 


Model 3, Model S, Model X 
Jaguar |-Pace 


Volvo S90, XC60, XC9O 
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training (Transports Quebec, 2015). In British Columbia, the Advanced Research and 
Commercialization Program supports the development of the province’s clean energy 
vehicle sector and encourages international investment therein. It supports investment 
in product development and commercialization activities (Government of British 
Columbia, n.d.). 


Although relatively small-volume electric vehicle production requires exports to reach 
other markets, companies seek to co-locate assembly nearer to sales as they increase 
volume. The highest-selling global electric vehicle, the Nissan Leaf, with 429,000 sales 
through June 2019, is manufactured in Tennessee for North America markets, in the 
United Kingdom for Europe, and in Japan for Asian markets. 


In the early electric vehicle market, with electric vehicles just 2% of global sales, 
opportunities to attract automakers to assemble electric vehicles have been relatively 
limited. However, as the market grows, opportunities continue to emerge involving 
incumbent automakers converting older plants or constructing new ones, new 
companies taking over idled plants, and major parts suppliers developing battery 
production facilities. 


Table 9 summarizes some examples of automaker investments in electric vehicle 
manufacturing facilities in North America and the government policies that have 
encouraged these ventures. These production plants for plug-in vehicles are primarily 
located in the United States, with Ford’s facility in Cuautitlan, Mexico, and the Nova 
Bus plant in Quebec being the two exceptions. Established automakers and startups 
have made investments in brand new assembly locations (Proterra and Tesla), 
expanded plants with new production lines for electric vehicles (Blue Bird, Ford, 
GM, Mercedes-Benz, Nissan, Nova Bus, and Volkswagen), and repurposed facilities 
for electric vehicle manufacturing (Rivian). The most common policy instruments to 
support these investments are property tax credits from state/provincial and local 
governments, but there are also examples of job training support, federal loans, and 
other types of incentives. 
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Table 9. Selected electric vehicle assembly plants and policy support actions in North America 


Facility and 
location 


Blue Bird 
Georgia, United 
States 


Ford 

Michigan, United 
States 

Cuautitlan, Mexico 


General Motors 
Michigan, United 
States 


Mercedes-Benz 
Alabama, United 
States 


Nissan 
Tennessee, United 
States 


Nova Bus 
Quebec, Canada 


Proterra 
California, United 
States 


Rivian 
Illinois, United 
States 


Tesla 

California, United 
States 

Nevada, United 
States 


Volkswagen 
Tennessee, United 
States 


Electric vehicle models (production * 
through Q2 2019) 


¢ All-American RE Electric School Bus 
* Vision Electric School Bus 


* Mach E (expected MY 2020) 


« F-150 electric (expected MY 2021 
or 2022) 


* Two mid-size crossover EV models 
(expected MY 2023) 


¢ Volt (178,000; production ended in 
Feb. 2019) 


* Bolt (65,000) 
« New EV model 


* EQC crossover (expected MY 2022) 
* EQA sedan (expected MY 2022) 


* Leaf (429,000 total; ~ 250,000 from 
Smyrna, TN plant) 


* LFSe (production totals unknown) 


¢« Proterra Catalyst 


* Electric pickup truck (production 
expected to begin in 2020) 


* Model S and X (400,000) 
* Model 3 (291,000) 


Various EV models (production 
expected to begin in 2022) 


of Energy for the development of a 
zero-emission electric school bus 


10-year tax abatement from the City of 
Flat Rock 


Michigan Economic Growth Authority 
tax credits: undisclosed amounts® 


$80 million non-educational sales 
and property tax abatements over 20 
years 


$20 million in pre-employment 
screening and job-training services 
over 10 years 


$98 million property tax abatement 
for the Smyrna plant expansion 


$35 million state grant and $18 million 
county property tax abatement for 
supplier facility in Smyrna 

$52.5 million in job training or 
infrastructure grants 


$15 million in non-repayable financial 
contributions from Investissement 
Quebec for operational automation, 
digital technologies, and energy- 
efficient processes 


$3 million grant from The 
California Energy Commission for 
facility construction, design, and 
development 


$49 million state tax credit 


$4 million in incentives from Normal, 
Illinois 


$465 million federal loan 


$106 million tax break to support 
Model 3 assembly (California) 


$1.25 billion tax exemptions (Nevada) 


$2.5 million grant from Hamilton 
County for plant expansion to produce 
electric vehicles is under consideration 


Additional tax abatements under 
Payments-in-lieu-of-tax (PILOT) 
program under consideration 


Examples of industrial policy support 
actions 


¢ $4.4 million from the Department 


Blue Bird (2017, 2019a, 2019b, 
2019c) 


Martinez (2019a, 2019b) 
Cousino (2017) 


EV-Volumes (2019) 
Wichter (2019) 
Livengood (2018) 


Falkenberg-Hull (2018) 
Tomberlin (2018) 


Alabama Department of 
Commerce (2019) 


EV-Volumes (2019) 
Cole (2013) 
Reicher (2017) 


Nova Bus (2017c) 


Proterra (2015, 2019a, 2019b) 


Channick (2018) 
Channick and Zumbach (2019) 


U.S. Department of Energy Loan 
Programs Office (2010) 


Lambert (2016) 
Randall and Halford (2019) 


Tesla (2018a, 2018b, 2018c, 2019a, 
2019b, 2019c) 


Halvorson (2019) 
Sharp (2019) 


A: For electric vehicle models that are not yet in production, information is provided about when production is expected to begin. 
B: In 2015, General Motors signed a deal with the governor of Michigan that shields the automaker’s tax credits in the state from public disclosure 


Encouraging a battery manufacturer to make batteries in a major auto-assembly 
market is the next-most consequential way to maintain a strong stake in the 
automotive industry. Many companies and countries have successfully attracted 
Asia-based battery suppliers to manufacture in North America and Europe. Table 10 
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provides some recent examples of battery production facilities in the United States 
and Europe and the policies that have facilitated these investments. Together, these 
battery manufacturing plants are expected to add roughly 65 gigawatt hours (GWh) to 
global annual production capacity over the next two to three years. As with the vehicle 
assembly facilities in Table 9, the policies that have encouraged these battery plant 
investments include tax abatements, grants, and other monetary and non-monetary 


incentives. 


Table 10. Selected electric vehicle battery production plants, auto companies, and support actions in North America and Europe 


Facility and Battery production and auto 
location companies Examples of industrial policy support actions 


CATL 
Erfurt, Germany 
TBD, United States 


Envision AESC 
Tennessee, United 
States 

Sunderland, United 
Kingdom 


LG Chem 
Michigan, United 
States 

Wroclaw, Poland 


Samsung SDI 
Géd, Hungary 


Tesla / Panasonic 
Nevada, United 
States 


$2 billion investment; production 
ees to begin in 2021 


Targeting 14 GWh/year by 2022 and 
60 GWh/year by 2026 


BMW, Daimler, Volkswagen, Groupe 
PSA 


7.5 GWh/year total capacity at three 
sites in the U.S., UK, and Japan 
(2019) 


Nissan 


3 GWh/year (U.S.) 


6 GWh/year and expanding to 15 
GWh/year (Poland) 


New U.S. plant (Kentucky or 
Tennessee). Production to begin in 
2022 with 10 GWh/year expected 


New European plant (Poland or 
elsewhere) 


GM, Ford, FCA, Hyundai, Volvo 


3 GWh/year 
BMW, Volkswagen 


23 GWh/year (35 GWh/year 
expected by the end of 2019) 


Tesla 


* German government plans to make up to 


1 billion euros available for subsidies to 
promote domestic battery cell production 


* $62 million property tax abatement 


(Tennessee) 
£20.7 million grant from the UK government 


$151 million federal stimulus grant to finance 
50% of $303 million plant (U.S.) 


$125 million in state tax credits, with the 
condition of employing at least 300 people 
(U.S.) 


Exemption from income tax on activity 
conducted in Special Economic Zones (SEZ) 


SEZ encouraged $350 million foreign direct 
investment from LG 


Exemption from real estate tax (often 
offered by local communities to new foreign 
investors) 


Investment grant from state authorities 
Subsidies from local employment offices 
Additional utility and infrastructure benefits 
Grants through subsidies, job creation 


subsidies, and EU co-financed tenders to 
support $353 million investment 


Local subsidy granted by municipality 
Development tax allowance (regional aid) 
Training and workshop establishment 
subsidies 

Investment-dependable transferable tax 
credits 

20-year 100% sales tax abatement 
10-year 100% property tax abatement 


10-year 100% modified business tax 
abatement 


Shuiyu (2019) 
Hampel (2019a, 2019c) 
Steitz (2019) 


Hampel (2019b) 
Broden (2018) 
Swerdlow (2010) 


Werwitzke (2018) 
Byung-yeul (2019) 
Lambert (2019b) 
Harger (2013) 

Clifford Chance (2017) 


Gibbs (2019) 
Esik (2016) 


Lambert (2019a) 
Damon (2014) 
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SUMMARY AND POLICY RECOMMENDATIONS 


Canada holds a prominent stake in the global automotive industry, but that 
position could be strengthened through increased action to support the transition to 
electric vehicles. 


Canada’s auto industry is falling behind other auto-manufacturing countries in 
transitioning to electric vehicle production. Canada’s global 2018 position for light-duty 
vehicle production with 2 million vehicles is 12th, having fallen from fifth in 2000. 
Ontario has been the historical center of Canadian vehicle production but has only 

one low-volume electric vehicle production plant, making it vulnerable to a global 
market that is trending toward electric. Production facilities in Ontario by Chrysler, 
Ford, General Motors, and Toyota are dominated by conventional combustion vehicles, 
while these companies are making billion-dollar electric vehicle investments in other 
markets. Stronger policies elsewhere drive electrification and attract electric vehicle 
investments, especially in China, Europe, and the United States. 


If Canada does not find a way to rapidly develop raw materials, supply base, and 
electric vehicle production for both its light- and heavy-duty sectors, it is at risk of 
losing a foundational pillar of its economy. This is especially true in the passenger 
vehicle sector, which has had a net loss of five vehicle assembly plants over the past 
20 years. In addition to the global transition to electric, other high-level trends such 
as trade agreements and increased automation in manufacturing will have significant 
impacts on Canada’s automotive industry and its competitiveness globally. 


In the light-duty space, auto companies and their suppliers are making significant 
investments in vehicle electrification, but to date the large majority of activity has 
been in markets outside Canada where there are stronger electric vehicle policies in 
place. The predominant action Canada can take is to grow its domestic electric vehicle 
market. Most electric vehicles, 80%, are made in the region they are sold. There are 
many examples of automakers investing in production location near their growing 
markets. Most U.S. electric vehicle sales are made in the United States, and Germany- 
based automakers are shifting electric vehicle production to the United States. 
Japan- and South Korea-based battery suppliers are shifting their production to the 
two largest markets of Europe and China, and all automakers are disproportionately 
investing in China electric vehicle production. In 2018, 97% of Canada’s light-duty 
electric vehicle sales were imported, so sustained regulatory, incentive, infrastructure, 
and consumer awareness policies are needed to improve Canada’s attractiveness for 
electric vehicle sales and production. 


For commercial trucks and buses, Canada’s position in electric vehicle manufacturing 
is much stronger than in the passenger car sector. At present, several heavy truck and 
bus makers that are producing electric vehicle models and components have assembly 
plants in Canada. These include companies headquartered in Canada (Ballard Power 
Systems, GreenPower Motor Company, Hydrogenics, The Lion Electric Company, 
NewFlyer, Nova Bus, Nordresa, and Prévost), as well as global automakers (Blue Bird 
Co., BYD, Proterra, PACCAR, Motor Coach Industries, Nayya, and Volvo Group) that 
have established manufacturing locations in Canada. 


Targeted policy support can future-proof Canada’s auto industry for electrification. 
There are many ways for Canada to re-invest in the auto industry to position it for the 
future. Beyond market-demand policies to ensure affordable models and convenient 
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charging, supply-side policies like research and development, loan guarantees, and tax 
breaks for manufacturing plant are warranted. 


Based on our analysis, the following are our key findings and policy recommendations: 


Canada’s auto industry lags behind other auto-manufacturing countries in its 
preparation for an electrified transportation future. Canada is committed to 
electrifying its on-road vehicles as part of the country’s overall decarbonization 
strategy. However, particularly in the light-duty vehicle sector, stronger policies 
elsewhere are driving electrification and attracting electric vehicle investments in other 
countries. Chrysler, Ford, General Motors, and Toyota production facilities in Ontario 
are dominated by conventional combustion vehicles, while these same companies are 
making billion-dollar investments to produce electric vehicles in China, Europe, and 
the United States. Ontario has historically been the center of Canadian light-duty auto 
production but has only one low-volume electric vehicle production plant. Canada’s 
passenger vehicle manufacturing industry is quite vulnerable to a global market that is 
trending toward electrification. If Canada does not find a way to rapidly develop raw 
materials, supply base, and electric vehicle production, it is at risk of losing a major 
pillar of its economy. 


Targeted policy support for electrification can future-proof Canada’s auto industry. 
The predominant action Canada can take to spur electric vehicle manufacturing is 

to grow its domestic electric vehicle sales market. Globally, most electric vehicles 
(80%) are made in the region they are sold. There are many examples of automakers 
investing in electric vehicle production facilities near cities and regions with growing 
market demand. Sustained world-class regulatory, incentive, infrastructure, and 
consumer awareness policies in Canada would improve Canada’s attractiveness for 
electric vehicle sales. Beyond market-demand policies to ensure affordable models and 
convenient charging, Canada’s auto industry can be positioned for the future through 
supply-side policies like research and development, loan guarantees, and tax breaks 
for manufacturing plants. Canadian content policy requirements for the procurement 
of public transit vehicles, which currently exist in Ontario and Quebec, can serve to 
increase domestic production of electric buses. While the transition to electrification in 
trucking is in the early stages, several Canadian-based companies and manufacturing 
facilities have emerged in recent years, and there are several zero-emission vehicle 
models and key components that are being produced domestically. A comprehensive 
suite of policies would encourage investment in building up supply chains in Canada. 
Moreover, there is an increasing need for policymakers to provide targeted support for 
the workers and communities who depend on the auto industry. 


Canada can leverage its early leadership in developing and producing hydrogen 
fuel cell technology—especially for heavy-duty vehicles. While battery-electric 
technology has dominated the light-duty zero-emission vehicle market to date, 
hydrogen fuel cell vehicles are expected to play a larger role in the electrification 

of the commercial vehicle sector. Fuel cell vehicles’ longer-range and quick-fueling 
capabilities are especially attractive in heavier vehicles such as tractor-trailers, where 
battery electric technology may not be practical or cost-effective. We identify three 
key reasons hydrogen fuel cell vehicles and infrastructure are strategically important 
to Canada’s competitive position in the global transition to electric drive. First, the 
Canadian hydrogen and fuel cell sector is a global leader recognized for pioneering 
new technologies and industry expertise. Second, some regions in Canada have 
significant excess of renewably sourced electricity (primarily hydro-electric power) 
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that can be used to produce low-cost, low-carbon hydrogen for powering fuel cell 
vehicles. Finally, hydrogen fuel cell vehicles are likely to play a critical role in Canada’s 
on-road freight sector because fuel cells have a lower weight penalty and improved 
cold temperature performance relative to battery electric trucks. 


35 ICCT WHITE PAPER | POWER PLAY: CANADA'S ROLE IN THE ELECTRIC VEHICLE TRANSITION 


REFERENCES 


Air Liquide. (2019, February 25). Air Liquide invests in the world’s largest membrane-based 
electrolyzer to develop its carbon-free hydrogen production [Press release]. Retrieved from 
https://industry.airliquide.ca/air-liquide-invests-worlds-largest-membrane-based-electrolyzer- 


Alabama Department of Commerce. (2019). How Mercedes is preparing for the future in 
Alabama. Retrieved from http://www.madeinalabama.com/why-alabama/success-stories/ 


Anderman, M., (2018). The xEV Industry Insider Report. Retrieved from the Total Battery 
Consulting website: https://totalbatteryconsulting.com/industry-reports/xEV-report/Extract- 


Ballard Power Systems. (2018, October 17). Ballard fue/ cell modules to power yard trucks at Port 
of L.A. in CARB-funded clean energy project [Press release]. Retrieved from https://www. 


Ballard Power Systems. (2019). Ballard milestones. Retrieved from https://www.ballard.com/ 
about-ballard/our-history 


Blue Bird. (2017). Blue Bird awarded $4.4 million to develop electric schoo! bus [Press release]. 
Retrieved from https://www.blue-bird.com/about-us/press-releases/138-blue-bird-awarded-4- 


British Columbia Ministry of Energy, Mines and Petroleum Resources. (2019). New act ensures 
B.C. remains leader on clean energy vehicles [Press release]. Retrieved from https://archive. 


BC Transit. (2019). BC Transit’s Low Carbon Fleet Program supports provincial targets to reduce 
greenhouse gas emissions [Press release]. Retrieved from https://www.bctransit.com/media/ 
releases-and-advisories?nid=1529705248190 


Broden, S. (2018, January 31). Nissan’s expanding battery plant at Smyrna auto factory may add 
jobs for global operation. Daily News Journal. Retrieved from https://www.dnj.com/story/ 


Build Your Dreams. (2019). BYD opens first Canadian bus assembly plant [Press release]. 
Retrieved from https://en.byd.com/news-posts/byd-opens-first-canadian-bus-assembly-plant/ 


CAA-Quebec. (2019, February 4). Hydrogen, electricity, and gasoline station opening soon in 
Quebec City. Retrieved from https://www.caaquebec.com/en/news/news/article/hydrogene- 


Canadian Trade Commissioner Service. (2016). The Buy American Act and Buy America 
Provisions. Retrieved from https://www.tradecommissioner.gc.ca/sell2usgov- 


Canadian Trade Commissioner Service. (n.d.). Canada A global leader in hydrogen and fuel 
cell buses, trains, and heavy duty vehicles. Retrieved from http://www.chfca.ca/media/ 
Buses&Train_en_WEB(1).pdf 


Canadian Urban Transit Research and Innovation Consortium. (2019a). Brampton electric 
bus project grows Pan-Canadian Initiative [Press release]. Retrieved from https://www. 


Canadian Urban Transit Research and Innovation Consortium. (2019b). Pan-Canadian Hydrogen 
Fuel Cell Electric Vehicle Demonstration & Integration Trial: Phase |. Retrieved from https://cutric- 


36 ICCT WHITE PAPER _| POWER PLAY: CANADA'S ROLE IN THE ELECTRIC VEHICLE TRANSITION 


Channick, R. (2018, May 24). Electric vehicle startup Rivian gets $200 million in funding 
to recharge shuttered Normal plant. Chicago Tribune. Retrieved from https://www. 


Channick, R. and Zumbach, L. (2019). Optimism returns to Normal as electric truck startup Rivian 
gains traction. Chicago Tribune. Retrieved from https://www.chicagotribune.com/business/ 


Clifford Chance. (2017). Foreign direct investments in Polish Special Economic Zones. 
Retrieved from https://www.cliffordchance.com/briefings/2017/02/foreign_direct_ 


CN. (2019). CN launches new pilot project using electric trucks [Press release]. Retrieved from 
https://www.cn.ca/en/news/2019/04/cn-launches-new-pilot-project-using-electric-trucks/ 


CNW Group Ltd. (2017). Canadian Hydrogen Fuel-Cell Electric Vehicle (FCEV) Coalition to host 
a FCEV Ride-n-Drive event on Parliament Hill [Press release]. Retrieved from https://www. 


Cole, J. (2013, March 27). Nissan LEAF Production Starts At 3rd Assembly Plant In Sunderland, 
UK. Retrieved from https://insideevs.com/news/317436/nissan-leaf-production-starts-at-3rd- 


Cousino, D. (2017, August 13). Flat Rock ok’s tax abatement for Ford plant. Monroe News. 
Retrieved from https://www.monroenews.com/news/20170813/flat-rock-oks-tax-abatement- 
for-ford-plant 


Daimler AG. (2019). Burnaby, BC—Mercedes-Benz Fuel Cell (A division of Mercedes-Benz 
Canada. Retrieved from https://www.daimler.com/career/about-us/locations/location-detail- 
page-104512.html 


Damon, A. (2014, September 4). Nevada strikes $1.25 billion deal for Tesla. Reno Gazette 
Journal. https://www.rgj.com/story/news/2014/09/04/nevada-strikes-billion-tax-break-deal- 


Department of Finance Canada. (2019). Investing in the middle class: Budget 2019. Retrieved 
from https://www.budget.gc.ca/2019/docs/plan/budget-2019-en.pdf 


Dixon, T. (2018, January 25). China 100% electric bus sales drop to ~89,546 In 2017. EV Obsession. 
Retrieved from https://evobsession.com/china-100-electric-bus-sales-drop-to-89546-in-2017/ 


Dunsky. (2019). Autobus Scolaires Electriques: Impulser leur Déploiement au Quebec. Retrieved 
from the Equiterre website: http://equiterre.org/sites/fichiers/rapport_autobus_1.pdf 


Edelstein, S. (2019). Hydrogen-powered Kenworth semi trucks are being deployed in Los Angeles 
and Long Beach. The Drive. Retrieved from https://www.thedrive.com/tech/27606/hydrogen- 


Environment and Climate Change Canada. (2019). Greenhouse gas emissions. Retrieved from 
the Government of Canada website: https://www.canada.ca/en/environment-climate-change/ 


Esik, R. (2016). Hungary—a proven location for investments. Retrieved from the ALX Greece 
website: http://www.alx.com.gr/maingr/wp-content/uploads/edited_Invest-in- Hungary- 


Falkenberg-Hull, E. (2018, September 4). Mercedes-Benz debuts new EQC electric crossover, 
names Alabama plant as production site. Atlanta Business Chronicle. Retrieved from https:// 


Fraser Basin Council. (n.d.). Specialty In-use Vehicle Incentive Program. Retrieved from the 
Government of British Columbia: https://pluginbc.ca/suvi/ 


Gibbs, N. (2019, April 11). Europeans race to add EV cell output to challenge Asian rivals. 
Automotive News Europe. Retrieved from https://europe.autonews.com/suppliers/europeans- 


Gill, V., and Macdonald, A. (2013). Understanding the truck driver supply and demand gap and 
its implications for the Canadian economy. Retrieved from The Conference Board of Canada 
website: https://www.conferenceboard.ca/topics/energy-enviro/truckdrivers.aspx 


Global Affairs Canada. (2018). Invest in Canada—Canada’s competitive advantages: automotive 
sector. Retrieved from the Government of Canada Publications website: http://publications. 
gc.ca/site/eng/9.815505/publication.html 


37 ICCT WHITE PAPER | POWER PLAY: CANADA'S ROLE IN THE ELECTRIC VEHICLE TRANSITION 


Government of British Columbia. (2018). CleanBC. Retrieved from https://blog.gov.bc.ca/app/ 


Government of Canada. (2018a). Canadian Industry Statistics: Automobile and light-duty motor 
vehicle manufacturing - 33611. Retrieved from https://www.ic.gc.ca/app/scr/app/cis/summary- 
sommaire/33611 


Government of Canada. (2018b). Canadian Industry Statistics: Heavy-duty truck manufacturing - 
33612. Retrieved from https://www.ic.gc.ca/app/scr/app/cis/businesses-entreprises/33612 


Government of Canada. (2018c). Trade Data Online: Canadian trade balances, Naics 33612 - 
heavy-duty truck manufacturing. Retrieved from https://www.ic.gc.ca/app/scr/tdst/tdo/crtr.ht 


Government of Canada. (2019a). Building a Better Canada: A progress report on the Investing 
in Canada plan 2016-2019. Retrieved from the Infrastructure Canada website: https://www. 


Government of Canada. (2019b). Canada’s official greenhouse gas inventory. Retrieved 
from https://www.canada.ca/en/environment-climate-change/services/climate-change/ 


Government of Canada. (2019c). Trade Data Online: Canadian total exports, Naics 33612 - heavy- 
duty truck Tee ine. Retrieved from https://www.ic.gc.ca/app/scr/tdst/tdo/crtr. poetry 


Government of Canada. (2019d). Trade Data Online: Canadian trade balances, Naics 33612 - 
heavy- duty, truck manufacturing. Retrieved from ae //WWW.iC.JC. at AoA SUAS AAS ht 


Government of Canada. (2019e). Vehicles made in Canada 2018. Retrieved from: 
https://www.ic.gc.ca/eic/site/auto-auto.nsf/eng/amO0767.html 


GreenPower Motor Company Inc. (2019). Contact us. Retrieved from 
https://www.greenpowerbus.com/contact-us/ 


Hall, D., Cui, H., and Lutsey, N. (2018). Electric vehicle capitals: Accelerating the global transition 
to electric drive. Retrieved from the International Council on Clean Transportation website: 
https://www.theicct.org/publications/ev-capitals-of-the-world-2018 


Hall, D. and Lutsey, N. (2019). Estimating the infrastructure needs and costs for the launch of 
zero-emission trucks. Retrieved from the International Council on Clean Transportation website: 
https://theicct.org/publications/zero-emission-truck-infrastructure 


Hampel, C. (2019a, February 23). Germany calls for partners for battery cell production. 
Retrieved from the electrive.com website: https://www.electrive.com/2019/02/23/german- 


Hampel, C. (2019b, April 16). China: AESC builds 20 GWh battery cell plant. Retrieved from the 
electrive. com website: https: //www.electrive. com/2019/04/16/aesc-begins-battery-plant-in- 


Hampel, C. (2019c, June 26). CATL massively increases investment in Erfurt: The battery 
production landscape in Germany heats up. Retrieved from the electrive.com website: https:// 
www.electrive.com/2019/06/26/catI-massively-increases-investment-in-erfurt/ 


Halvorson, B. (2019, January 14). Volkswagen will make electric cars in Tennessee, at expanded 
plant. Green Car Reports. Retrieved from https://www.greencarreports.com/news/1120927_ 


Harger, J. (2013, February 19). LG Chem factory in Holland has not applied for promised 
state tax credits, state officials say. Retrieved from https://www.mlive.com/business/west- 


He, H., Jin, L., Cui, H., and Zhou, H. (2018). Assessment of electric car promotion policies In 
Chinese cities. Retrieved from The International Council on Clean Transportation website: 
https://theicct.org/publications/assessment-electric-car-promotion-policies-chinese-cities 


38 ICCT WHITE PAPER | POWER PLAY: CANADA'S ROLE IN THE ELECTRIC VEHICLE TRANSITION 


Hydrogenics. (2018). North America’s first multi-megawatt power-to-gas facility begins 
operations [Press release]. Retrieved from https://www.hydrogenics.com/2018/07/16/north- 


americas-first-multi-megawatt-power-to-gas-facility-begins-operations/ 


Infrastructure Canada. (2019). Building a Better Canada: A progress report on the Investing in 
Canada Plan 2016-2079. Retrieved from https://www.infrastructure.gc.ca/alt-format/pdf/plan/ 


icp-pic/icp-report-rapport-pic-eng.pdf 


Infrastructure Canada. (n.d.). Investing in Canada Plan. Retrieved from 
https://www.infrastructure.gc.ca/plan/about-invest-apropos-eng.html 


Innovation, Science and Economic Development Canada. (2018). Frequently asked questions: 
Strategic Innovation Fund. Retrieved from the Government of Canada website: https://www. 
ic.gc.ca/eic/site/125.nsf/eng/OO0001.html 


International Energy Agency. (2018). Global EV Outlook 2018. Retrieved from 
https://webstore.iea.org/global-ev-outlook-2018 


International Organization of Motor Vehicle Manufacturers. (2019a). 2015-2018 sales statistics. 
http://www.oica.net/category/sales-statistics/ 


International Organization of Motor Vehicle Manufacturers. (2019b). 2018 production statistics. 
http://www.oica.net/category/production-statistics/2018-statistics/ 


International Organization of Motor Vehicle Manufacturers. (2019c). 2010 production statistics. 
http://www.oica.net/category/production-statistics/2010-statistics/ 


International Trade Administration. (2019a). U.S. Imports of New Passenger Vehicles and Light 
Trucks. Retrieved from the Office of Transportation and Machinery website: https://www.trade. 
gov/td/otm/assets/auto/New_Passenger_Imports.pdf 


International Trade Administration. (2019b). US exports of new passenger vehicles and light 
trucks. Retrieved from the Office of Transportation and Machinery website: https://www.trade. 
gov/td/otm/assets/auto/New_Passenger_Exports.pdf 


International Trade Centre. (2019). Trade map: Trade statistics for international business 
development. Retrieved from https://www.trademap.org 


International Zero-Emission Vehicle Alliance. (2015, December 3). International ZEV Alliance 
announcement [Press release] Retrieved from http://www.zevalliance.org/international-zev- 
alliance-announcement/ 


Keolis Canada. (2018, December 13). Keolis Canada becomes largest operator of 
all-electric Type C school buses in North America [Press release]. Retrieved from https://www. 


Lambert, F. (2016, June 16). Tesla applied for a $106 million tax break on 
$1.26 billion expansion of Fremont Factory for the Model 3. E/ectrek. Retrieved 
from https://electrek.co/2016/06/16/tesla-106-million-tax-break-expansion-fremont-factory- 


Lambert, F. (2019a, April 14). Tesla Gigafactory 1 battery cell production is still limited to about 
23 GWh, says Elon Musk. Electrek. Retrieved from https://electrek.co/2019/04/14/tesla- 


Lambert, F. (2019b, July 11). LG Chem is working on a potential new billion-dollar US battery cell 
factory for electric cars. E/ectrek. Retrieved from https://electrek.co/2019/07/11/lg-chem- 
billion-dollar-us-battery-cell-factory/ 


Lienert, P., Shirouzu, N., and Taylor, E. (2019, January 9). Exclusive: VW, China spearhead $300 
billion global drive to electrify cars. Reuters. Retrieved from https://www.reuters.com/article/ 


The Lion Electric Company and Boivin Evolution. (2019, June 3). The world’s first all-electric 
waste collection truck [Press release]. Retrieved from https://thelionelectric.com/documents/ 
en/Refuse_truck.pdf 


The Lion Electric Company. (2018a, December 13). Keolis Canada becomes the largest operator 
of all-electric Type C school buses in North America [Press release]. Retrieved from https:// 
thelionelectric.com/documents/en/keolis_en.pdf 


The Lion Electric Company. (2018b, May 8). The Lion Electric Co. provides thirteen quiet and 
clean buses for Canada’s largest electric schoo! bus deployment [Press release]. Retrieved from 
https://thelionelectric.com/documents/en/mto.pdf 


39 ICCT WHITE PAPER | POWER PLAY: CANADA'S ROLE IN THE ELECTRIC VEHICLE TRANSITION 


The Lion Electric Company. (2019, March 11). The Lion Electric Co. launches all-electric Class 
8 urban truck [Press release]. Retrieved from https://thelionelectric.com/documents/en/ 
pressrelease_Lion8.pdf 


The Lion Electric Company. (n.d.-a). Electric mini school bus. Retrieved from 
https://thelionelectric.com/en/products/electric_mini_school_bus 


The Lion Electric Company. (n.d.-b). Electric school bus. Retrieved from 
https://thelionelectric.com/en/products/electric 


The Lion Electric Company. (n.d.-c). Urban Class 8 truck. Retrieved from 
https://thelionelectric.com/en/products/electric_truck_class8 


Livengood, C. (2018, December 3). GM may keep cashing in Michigan tax credits after cuts, 
closures. Automotive News. Retrieved from https://www.autonews.com/article/20181203/ 


Lowey, M. (2019). $15-million project to test hydrogen fuel in Alberta’s freight transportation 
sector. Retrieved from the Canadian Energy Systems Analysis Research website: https://www. 


Lutsey, N. (2018a). The future is electric, but why’s it taking so long? [Blog post] Retrieved from 
the International Council on Clean Transportation website: 
https://www.theicct.org/blog/staff/future-is-electric-but-why-so-long 


Lutsey, N. (2018b). Modernizing vehicle regulations for electrification. Retrieved from the 
International Council on Clean Transportation website: https://www.theicct.org/publications/ 
modernizing-regulations-electrification 


Lutsey, N., Grant, M., Wappelhorst, S., and Zhou, H., (2018). Power play: How governments are 
spurring the electric vehicle industry [White paper]. Retrieved from the International Council 
on Clean Transportation website: https://www.theicct.org/publications/global-electric-vehicle- 
industry 


Lutsey, N. and Nicholas, M. (2019). Electric vehicle costs and consumer benefits in Colorado in 
the 2020-2030 time frame [White paper]. Retrieved from the International Council on Clean 
Transportation website: https://theicct.org/publications/ev-costs-colorado-2020-2030 


Marklines. (2019). Canada - Flash report, Sales volume, 2018. Retrieved from 
https://www.marklines.com/en/statistics/flash_sales/salesfig_canada_2018 


Martinez, M. (2019a, August 19). Ford, Lincoln ready new midsize EV crossovers. Automotive 
News. Retrieved from https://www.autonews.com/future-product/ford-lincoln-ready-new- 


Martinez, M. (2019b, September 2). Ford’s EV strategy takes shape in search for popularity and 
profit. Automotive News. Retrieved from https://www.autonews.com/future-product/fords-ev- 


McNamara, K. (2019, September 6). Faces of clean energy: Making the transit transition. 
Retrieved from the Clean Energy Canada website: https://cleanenergycanada.org/all-stories/ 


National Energy Board. (2017). “Reference Case: Electricity Generation - Primary Fuel 
(GWh).” Retrieved January 19, 2019, from https://apps.neb-one.gc.ca/ftrppndc/dflt. 
aspx?GoCTemplateCulture=en-CA 


Natural Resources Canada. (2019a). Electric Vehicle and Alternative Fuel Infrastructure 
Deployment Initiative. Retrieved from https://www.nrcan.gc.ca/energy-efficiency/energy- 


Natural Resources Canada. (2019b). Electric Vehicle Infrastructure Demonstration (EVID) 
Program. Retrieved from https://www.nrcan.gc.ca/climate-change/green-infrastructure- 


Natural Resources Canada. (2019d). Zero-Emission Vehicle Infrastructure Program. Retrieved 
from https://www.nrcan.gc.ca/zero-emission-vehicle-infrastructure-program/21876 


40 ICCT WHITE PAPER | POWER PLAY: CANADA'S ROLE IN THE ELECTRIC VEHICLE TRANSITION 


Natural Resources Canada. (2019e). Electric Vehicle and Alternative Fuel Infrastructure 
Deployment Initiative. Retrieved from https://www.nrcan.gc.ca/energy-efficiency/energy- 


efficiency-transportation/electric-vehicle-alternative-fuels-infrastructure-deployment- 


Nova Bus (2017c, May 10). Nova Bus announces a major investment project in 
factories with support of the government of Quebec [Press release]. Retrieved from http:// 
novabus.com/413/ 


Nova Bus. (2018a, June 11). Nova Bus is proud to receive its largest bus order in North America 
[Press release]. Retrieved from http://novabus.com/nova-bus-proud-receive-largest-bus- 
order-north-america/ 


Nova Bus. (2018b, November 20). Nova Bus next generation hybrid electric buses to be delivered 
in Toronto [Press release]. Retrieved from http://novabus.com/nova-bus-next-generation- 
hybrid-electric-buses-delivered-toronto/ 


O'Dell, J. (2019, February 12). Nikola challenges Tesla with battery-electric heavy duty truck. 
Retrieved from the trucks.com website: https://www.trucks.com/2019/02/12/nikola-battery- 
electric-trucks-compete-tesla/ 


Office of Energy Efficiency. (2011). Canadian Vehicle Survey: 2009 summary report. Retrieved 
from the Natural Resources Canada website: http://oee.nrcan.gc.ca/publications/statistics/ 
cvsO9/pdf/cvsO9.pdf 


Office of Energy Efficiency. (n.d.). Table 49: Bus explanatory variables. Canada, transportation 
sector. Comprehensive Energy Use Database. Retrieved from the Natural Resources Canada 
website: http://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=CP&secto 


Orton, T. (2018, June 14). Ford and Daimler to close B.C. joint venture employing 200. Business in 
Vancouver. Retrieved from https://biv.com/article/2018/06/ford-and-daimler-close-bc-joint- 
venture-employing-200 


Poon, L. (2018, May 8). How China took charge of the electric bus revolution. Retrieved from 
the CityLab, https://www.citylab.com/transportation/2018/05/how-china-charged-into-the- 


Proterra. (2015). Proterra wins $3M California Energy Commission grant to expand advanced 
manufacturing of zero-emissions transit buses to West Coast [Press release]. Retrieved from 
https://www.proterra.com/press-release/proterra-wins-3m-california-energy-commission- 


41 ICCT WHITE PAPER | POWER PLAY: CANADA'S ROLE IN THE ELECTRIC VEHICLE TRANSITION 


Reicher, M. (2017). Nissan’s growth in Tennessee spurred by hundreds of millions in 
incentives. The Tennessean. Retrieved from https://www.tennessean.com/story/news/ 


investigations/2017/09/17/nissan-tennessee-tax-incentives-job-targets/512051001/ 


Saminather, N. (2017, November 17). Loblaw orders 25 of Tesla’s new electric trucks. Reuters. 
Retrieved from https://www.bnnbloomberg.ca/loblaw-orders-25-of-tesla-s-semi- 


Schlosser, N. (2018, May 10). Lion delivers 13 electric school buses for Ontario pilot project. 
School Bus Fleet. Retrieved from https://www.schoolbusfleet.com/news/729700/lion-delivers- 


Sharpe, B, (2019). Zero-emission tractor-trailers in Canada. Retrieved from the International 
Council on Clean Transportation website: https://theicct.org/publications/zero-emission- 
tractor-trailers-canada 


Shell Canada. (2018, June 15). She// and HTEC launch Canada’s first retail hydrogen vehicle 
refueling station [Press release]. Retrieved from https://www.shell.ca/en_ca/media/news- 


Shuiyu, H. (2019, June 27). CATL invests $2b in European battery plant. China Daily. Retrieved 
from http://www.chinadaily.com.cn/a/201906/27/WS5d1401b3a3103dbf1432a7a5.html 


Sinclair, S., Trew, S., and Mertins-Kirkwood, H. (2014). Making Sense of the CETA: An analysis 
of the final text of the Canada-European Union Comprehensive Economic and Trade 
Agreement. Retrieved from the Canadian Centre for Policy Alternatives website: https://www. 


Slowik, P. and Lutsey, N. (2019). The surge of electric vehicles in United States cities. Retrieved 
from the International Council on Clean Transportation website: https://www.theicct.org/ 
publications/surge-EVs-US-cities-2019 


Société de transport de Montréal. (2017, September 21). Electrification: STM picks up the pace and 
looks to buy 40 electric buses [Press release]. Retrieved from http://www.stm.info/en/press/ 


Société de transport de Montréal. (2018, June 6). 300 additional buses for the STM - NOVA BUS 
wins the contract. Retrieved from http://www.stm.info/en/press/news/2018/300-additional- 


Société de transport de Montréal. (2019, February 15). Update on STM hybrid buses: efficient, 
reliable and environmentally friendly vehicles. Retrieved from http://www.stm.info/en/press/ 


Statistics Canada. (2018). Table 36-10-0222-01 Gross domestic product, expenditure-based, 
provincial and territorial, annual (x 1,000,000). Retrieved from https://www150.statcan.gc.ca/ 
t1/tbl1/en/cv.action?pid=3610022201 


Statistics Canada. (2019a). New motor vehicle sales, by type of vehicle (Table 20-10-002-01). 
Retrieved from https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=2010000201 


Statistics Canada. (2019b). Table 23-10-0067-01 Vehicle registrations, by type of vehicle. 
Retrieved from https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=2310006701 


Statistics Canada. (2019c). Table 16-10-0117-01 Principal statistics for manufacturing industries, 
by North American Industry Classification System (NAICS) (x 1,000). Retrieved from https:// 
www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=1610011701 


Steitz, C. (2019, September 10). CATL Europe chief says company eyes plant in North America. 
U.S. News & World Report. Retrieved from https://money.usnews.com/investing/news/ 


Swerdlow, D. (2010). Nissan to build Leaf electric vehicle in Sunderland [Press release]. Retrieved 
from the Nissan News website: https://europe.nissannews.com/en-GB/releases/release-6480- 


42 ICCT WHITE PAPER | POWER PLAY: CANADA'S ROLE IN THE ELECTRIC VEHICLE TRANSITION 


Tesla Inc. (2018a). Tesla Q1 2018 vehicle production and deliveries. Retrieved from https://ir.tesla. 


Tomberlin, M. (2018, February 7). Alabama plant figures prominently in Mercedes-Benz global 
electric vehicle initiative. Alabama News Center. Retrieved from es: //alabamanewscenter. 


Toronto Transit Commission. (2017). Canadian content—bus procurement. Retrieved from 
http://www.ttc.ca/About_the_TTC/Commission_reports_and_information/Commission_ 


Toronto Transit Commission. (2018, November 20). New hybrid electric buses have arrived at the 
TTC. Retrieved from https://ttc.ca/News/2018/November/20_11_18NR_HybridBus.jsp 


Toronto Transit Commission. (n.d.). TTC green initiatives. Retrieved from 
https://www.ttc.ca/Riding_the_TTC/green_initiatives.jsp 


Toyota Canada Inc. (2018, January 18). The Toyota Mirai fuel cell electric vehicle to 
go on Sale this year In Canada starting in Quebec [Press release]. Retrieved from https://media. 


Translink. (2017, April 20). TransLink trades diesel buses for hybrids to reduce fleet emissions 
[Press release]. Retrieved from https://www.translink.ca/About-Us/Media/2017/April/ 


Transport Canada. (2019). Zero-emission vehicles. Retrieved from the Government of Canada 
website: https://www.tc.gc.ca/en/services/road/innovative-technologies/zero-emission- 


Transports Quebec. (2015). Propulser le Quebec par I’électricité: Plan D’action en électrification 
des transports 2015-2020. Retrieved from https://www.transports.gouv.qc.ca/fr/ministere/ 


Treasury Board of Canada Secretariat. (2019). Greening government strategy. Retrieved from 
the Government of Canada website: https://www.canada.ca/en/treasury-board-secretariat/ 


UBS (2017). UBS evidence lab electric car teardown: Disruption ahead? [Q-Series newsletter]. 
Retrieved from https://neo.ubs.com/shared/d1Z TxnvF2k/ 


U.S. Department of Energy (n.d.). Hybrid electric vehicles. Retrieved from the Alternative Fuels 
Data Center website: https://afdc.energy.gov/vehicles/electric_basics_hev.html 


United States Department of Energy Loan Programs Office. (2010). Tesla project statistics. 
Retrieved from https://energy.gov/|po/tesla 


United States Geological Survey (2019). Mineral commodity summaries 2019. Retrieved from 
https://www.usgs.gov/centers/nmic/mineral-commodity-summaries 


Venetis, T. (2019, March 18). Hyundai Canada launches fuel cell technology NEXO. Canadian Auto 
World. Retrieved from http://www.canadianautoworld.ca/industry-news/hyundai-canada- 


43 ICCT WHITE PAPER | POWER PLAY: CANADA'S ROLE IN THE ELECTRIC VEHICLE TRANSITION 


Walmart Canada. (2018). Walmart Canada commits to 100 per cent alternatively powered 
fleet vehicles By 2028 [Press release]. Retrieved from https://www.walmartcanada.ca/ 


news/2018/09/06/walmart-canada-commits-to-100-per-cent-alternatively-powered-fleet- 


Wang, Y., Sperling., D., Tal, G., and Fang, H. (2017). China’s electric car surge. Energy Policy, 102, 
486-490. https://doi.org/10.1016/j.enpol.2016.12.034 


Werwitzke, C. (2018, January 6). LG to augment capacities of its U.S. battery plant. Retrieved 
from https://www.electrive.com/2018/01/06/lg-augment-capacities-u-s-battery-plant/ 


Wichter, Z. (2019). G.M. plans new electric vehicle made at Chevy Bolt plant. The New York Times. 
Retrieved from https://www.nytimes.com/2019/03/22/business/general-motors-electric- 
vehicle.html 


Wiginton, L., Smith, C., Ewing, M., and Battista, G. (2019). Fuel savings and emissions reductions 
in heavy-duty trucking: A blueprint for further action in Canada. Retrieved from the Pembina 
Institute website: https://www.pembina.org/reports/freightclimateblueprints.pdf 


Witter, F. (2018). Shaping the transformation together. Volkswagen Group Investor Meetings, 
Frankfurt and London. Retrieved from https://www.volkswagenag.com/presence/ 


44 ICCT WHITE PAPER | POWER PLAY: CANADA'S ROLE IN THE ELECTRIC VEHICLE TRANSITION 


APPENDIX A 


ELECTRIC HEAVY-DUTY VEHICLE PRODUCTION: PROXIES FOR 
PRODUCTION AND PRODUCTION LOCATION 


The Electric heavy-duty vehicle production section uses proxies to estimate the 
production levels and location of electric heavy-duty vehicles. Sales data as 
measured by new registrations from EV-Volumes (2019) are used as a proxy for 
production data. This is imperfect as production may not equal sales in a given year. 
Global headquarter locations are used as a proxy for production location. This, too, is 
imperfect, as production locations and global headquarter locations are not always in 
the same country. 


Canadian producers are often subsidiaries of larger firms or have a Canadian presence 
that is linked into a larger, multi-national production chain. This can make it difficult to 
isolate Canadian production. For example: 


» Build Your Dreams (BYD), headquartered in Shenzhen, China, announced the opening 
of a bus assembly plant in Newmarket, Ontario, in June 2019 (Build Your Dreams, 2019). 


» Nova Bus is part of the Volvo Group, a global manufacturer based in Gothenburg, 
Sweden, and has a plant in the United States (Plattsburgh, New York) (Volvo 
Group, 2019). 


» GreenPower Motor Company has a corporate office in Canada (Vancouver, British 
Columbia) but does its manufacturing in the United States (Porterville, California) 
(GreenPower Motor Company Inc., 2019). 


» New Flyer—operating as New Flyer of America Inc. and New Flyer Industries Canada 
ULC—is a subsidiary of NFl Group Inc. (NFI Group Inc., 2019a). The NFI Group has its 
head office in Canada—Winnipeg, Manitoba. New Flyer’s Winnipeg, Manitoba, bus 
manufacturing facility, however, is integrated into a North American production chain 
(NFI Group Inc., 2019b). 
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